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Editorials,  Commentaries,  and  Reviews  To  Note 

"Inactive"  Ingredients  in  Pharmaceutical  Products:  I  pdate  (Subject  Review) — CM  Berlin  Jr. 
DG  McCarver.  DA  Notternuin.  RM  Ward.  DN  Weismann.  CS  Wilson.  JT  Wilson,  the  American 
Academy  of  Pediatrics  Committee  on  Drugs.  Pediatrics  l997;99{2):268-278. 

Lung  and  Heart-Lung  Transplantation  in  Children  (Slate  of  the  Art) — BE  Noyes,  G  Kurland. 
DM  Orensteui,  Pcdiali  Pulmonol  I997:2.V.^9-4X, 

Immunosuppressive  and  Cytotoxic  Pharmacotherapy  for  Pulmonary  Disorders  (State  of  the 
Art)— JP  Lynch  III.  WJ  McCune.  Am  J  Respir  Crit  Care  Med  1 997;  1 55:395-420. 


ft-Agonist  Metered  Dose  Inhaler  Overuse:  Psy- 
chological and  Demographic  I'roliles — JL  Beau- 
soleil.  DP  Weldon.  SJ  McGeady.  Pediatncs 
1997;99(ll:40. 

OB.IECT1VE:  To  identify  psychological  and 
demographic  correlates  of  children  and  adoles- 
cents known  to  overuse  /J:-agonisl  metered  dose 
inhalers  (/J-MDIs  I.  DESIGN:  During  residential 
care  for  severe  a.sthma,  demographic  and  psycho- 
logical characteristics  of  1 7  children  and  ado- 
lescents known  to  be  ^MDI  overusers  were  com- 
pared with  38  asthmatic  subjects  of  similar  age 
without  such  history.  RESL'LTS:  /J-MDI  overuse 
occurred  among  all  groups;  however,  males, 
minorities,  and  those  from  lower  socioeconomic 
groups  were  o\  er-represeiited.  Os  erusers  scored 
significantly  lower  on  standiu'di/.ed  IQ  tests.  Sub- 
tests of  arithmetic  for  numeric  reasoning,  com- 
prehension for  understanding  of  social  values,  and 
picture  completion  for  visual  attention  to  detail 
were  also  significantly  lower  in  ^MDI  overusers. 
as  were  reading  achievement  tests.  Testing  also 
revealed  tendencies  tow;ird  domin;int.  shrewd,  and 
undisciplined  personality  traits  in  the  overusers. 
CONCLUSION:  Recognition  of  these  charac- 
teristics of  children  prone  to  /J-MDI  overuse  will 
raise  the  clinician's  awareness  of  this  potential. 
Cireater  efforts  and  alternative  approaches  tow  ard 
education  and  treatment  of  the  at-risk  patient  and 
family  are  indicated. 

Population  and  Occupational  Screening  for 
Ohstructive  Sleep  .\pnea:  Are  We  There  ^'et? 

— MJ  Baumel.  G  Maislin.  Al  Pack.  Am  J  Respir 
Crit  Care  Med  1997:155:9. 

Several  features  of  obstfuctive  sleep  apnea  (OS.A) 
suggest  that  it  may  be  an  appropriate  disease  for 
screening  programs  for  general  populations  and 
more  specific  high-risk  groups.  Preliminary  data 
suggest  that  OSA  represents  an  important  health 


problem  in  terms  of  high  prevalence,  increased 
levels  of  morbidity  and  mortality,  and  increased 
public  safety  risk.  Furthermore,  the  chronicity  of 
the  disease  and  the  relatively  low  levels  of  recog- 
nition of  the  disorder  in  the  medical  community 
suggest  a  potential  for  lead-time  gains  for  screen- 
ing programs.  Specific  groups  that  might  be  con- 
sidered for  screening  prognuns  include  commercial 
vehicle  operators,  hazardous  duty  personnel,  and 
certain  groups  of  medical  patients.  The  purpose 
of  this  clinical  commentary  is  to  consider  the  issues 
of  population  and  specific  group  screening  for 
OSA  by  reviewing  tlie  general  principles  of  screen- 
ing for  chronic  disease  and  then  applying  these 
principles  specifically  in  the  case  of  OSA.  More 
extensive  outcomes  data  relating  levels  of  sever- 
ity of  tlie  disorder  to  its  potential  adverse  outcomes 
;ire  needed  and  will  assist  in  tailoring  appropri- 
ate screening  programs  and  determining  the  cost- 
effectiveness  of  screening  various  populations. 

An  Inhaled  Glucocorticoid  Does  Not  Prevent 
Tolerance  to  the  Bronchoprotective  Effect  of 
a  Long-.>\cting  Inhaled  ft- Agonist — DH  Yates. 
SA  Khantonov .  PJ  Barnes.  ,-\m  J  Respir  Crit  Care 
Med  1 996; I. 54: 1 603. 

There  is  increasing  evidence  for  the  development 
of  tolerance  to  the  protective  effects  of  inhaled 
ft-agonisis  against  bronchoconstrictor  stimuli. 
.•\nimal  studies  have  suggested  that  glucocorti- 
coids protect  against  the  down-regulation  of  ft- 
receptors  after  chronic  exposure  to  ft-agonisls. 
In  a  double-blind  placebo-controlled  crossover 
study  in  12  patients  with  mild  asthma,  we  inves- 
tigated the  effect  of  inhaled  budesonide  or  iden- 
tical placebo  on  the  protection  conferred  by  al- 
buterol (200  ^g)  against  methacholine-induced 
bronchoconstriction  before  and  after  treatment 
with  the  long-acting  ft-agonist  .salmeteiDl.  Patients 
were  randomized  to  be  treated  for  3  weeks  with 
inhaled  budesonide  ( 8(M)  /Jg  twice  a  day )  or  pla- 


cebo; salmeterol  (50  /ig  twice  a  day)  was  added 
during  the  third  week.  Airway  responsiveness  to 
methacholine  was  measured  15  minutes  after 
abuterol.  both  before  and  exactly  23  hours  after 
the  last  salmeterol  dose.  Mean  FEV]  increased 
significantly  after  2  weeks  of  budesonide  (p  < 
0.05)  and  increased  further  afier  salmeterol  (p  < 
0.05 )  compared  with  placebo.  .After  2  weeks,  the 
bronchoprotective  effect  of  albuterol  against 
methacholine  was  significantly  greater  with  budes- 
onide than  with  placebo  (3.4  vs  2.4  doubling  dilu- 
tions; p  <  0.05),  consistent  with  an  improvement 
in  airway  hyper-responsiveness  with  budesonide 
therapy.  However,  regular  salmeterol  treatment 
for  1  week  significantly  diminished  the  protec- 
tion conferred  by  albuterol  against  methacholine 
challenge,  both  with  budesonide  ;ind  w  ith  placebo 
(-1.1  ±0.42and-l.4l  ±0.30  doubling  dilutions, 
respectively).  There  wa.s  no  significant  difference 
in  the  loss  of  bronchoprolection  seen  with  sal- 
meterol between  budesonide  and  placebo  treat- 
ment periods.  Our  study  suggests  that  even  a  high 
dose  of  an  inhaled  gluctKorticoid  fails  to  prevent 
the  loss  of  bronchoprolection  produced  by  reg- 
ular ft-agonist  therapy. 

Bronchodilators  and  Acute  Cardiac  Death — 

S  Suissa,  B  Hemmelgarn.  I,  Blais,  P  Ernst.  Am 
J  Respir  Crit  Care  Med  1996:154:1598. 

Bronchodilators  used  in  the  treatment  of  airway 
disease  have  been  shown  to  have  a  variety  of  car- 
diac effects  that  may  contribute  to  the  iK-currence 
of  life-threatening  events  such  as  cardiac  arrhy  th- 
mias  and  cardiac  arrest.  We  investigated  whether 
theophy  nine  and  /J-agonists  were  asstx:iated  with 
ciu'diovascular  mortality  among  a  cohort  of  sub- 
jects prescribed  antiasthma  medications.  We  used 
a  population-based  cohort  of  1 2.301  subjects  aged 
5  to  54  years,  formed  from  health-insurance  data- 
bases from  Saskatchewan.  Canada,  and  spanning 
the  period  1978  to  1987.  Within  this  cohort,  we 
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We  took  a  hard  look  at  the  leading  valved  holding 
chamber.. .and  found  room  for  improvement  —  a  50% 
increase  in  volume.  This  extra  volume  means  more  fine 
particle  dose  is  available  for  inhalation.' 

Designed  to  Optimize  Drug  Delivery 

OptiChamber  ■;  HealthScan 's  valved  holding  chamber, 
makes  available  more  of  the  smaller  medication  particles  — 
those  that  reach  deep  down  into  the  penpheral  airways." 
And  OptiChamber  is  clinically  proven  to  produce  rapid 
lung  function  improvement  with  salbutamol  (albuterol).' 

Designed  to  Optimize  Patient 
Value  and  Ease-of-Use 

Best  of  all,  OptiChamber  delivers  exceptional  value. 
A  replaceable  one-way  valve  results  in  longer  trouble- 
free  performance.  Detachable  masks  adapt  to  changing 
patient  needs  and  help  keep  patient  costs  to  a  minimum. 

New  OptiChamber. 

Holding  chamber  technology...opf//T7/zed. 
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iciemilled  all  30  deaths  from  cardiovascular  causes 
in  which  acule  asthma  did  not  appear  to  be  a  con- 
trihuting  factor.  We  identified  all  asthma  and  car- 
diovascular drugs  dispensed  to  these  subjects 
shortly  before  their  deaths  and  compared  this  ther- 
apy to  that  dispensed  to  a  random  sample  of  4.080 
person-time  controls.  After  adjustment  for  age  and 
the  prior  use  of  cardiac  drugs,  the  rate  of  car- 
diovascular death  was  greater  in  users  of  theo- 
phylline, with  a  rate  ratio  (RR)  of  2.7  ('35'?f  CI: 
1.2  tod.  1 ).  and  in  users of/J-agonists  taken  orally 
or  by  nebuli/er  ( RR  =  2.4;  95%  CI:  1 .0  to  5.4). 
but  not  in  users  of  )3-agonisls  administered  by 
metered  dose  inhaler  (RR  =  1.2;  95%  CI:  0.5  to 
2.7).  The  great  majority  of  cardiovascular  deaths 
occurred  among  subjects  with  clinical  or  patho- 
logic evidence  of  potentially  lethal  conditions. 
These  results  suggest  that  the  use  of  theophyllmc 
and  of/J-agonists  administered  orally  or  by  neb- 
uli/.ation  should  be  avoided  in  subjects  with  sig- 
nificant cardiac  disease  or  at  high  risk  for  such 
disease,  especially  acute  coronary  insuffficiency 
and  congestive  cardiomyopathy.  On  the  other 
hand,  the  use  of  ^agonists  administered  by 
metered  dose  inhalers  (MDIs)  was  not  associated 
with  an  increased  risk  of  cardiovascukirdeatli.  Sec 


ihe  iftati'cl  cdiloricil:  Idenlifying  Patients  at  Risk 
from  Ihe  Vse oj  Bela-adreiierf>ie  Agonists— .\H 
U-Jf.  Am  J  Res/tir  Cnl  Care  Med  I  ^96;  I54:15VJ. 

.Vttiludes  Rejjardinj;  .\d\ance  Directives 
Among  Patients  in  Pulmonary  Rehabilitation — 

JH  Heffner.  B  Fahy.  L  Hillmg.  C  Barbien.  Am 
J  Rcspn  Cnt  Care  Med  1 996;  1 54: 1 735. 

We  pertbmied  a  cross-sectional.  descripti\'e  ques- 
tionnaire study  in  2  pulmonary  rehabilitation  pro- 
grams to  assess:  ( 1 )  attitudes  of  105  subjects  with 
chronic  lung  conditions  about  end-of-life  deci- 
sion-making; (2)  the  determinants  of  these  atti- 
tudes; and  (3)  patient  acceptance  of  rehabilita- 
tion programs  as  foci  for  education  about  advance 
directives  (ADs).  We  found  thai  99  of  the  105 
subjects  (94.3'/f )  had  health  worries,  the  most 
common  of  which  was  fear  of  increasing  dys- 
pnea (33.3';^.  Although  93.8%  had  opinions 
ahoul  intubation,  less  than  42%  had  completed 
an  Atl.  Most  subjects  wanted  information  about 
ADs  (88.6%)  and  life-support  (68.6%);  pul- 
monary rehabilitation  programs,  lawyers,  and 
physicians  were  preferred  sources  for  AD  infor- 
mation. Although  98.9%  of  the  patients  wanted 


patient-physician  AD  discussions,  only  19.0% 
had  such  discussions,  only  15.2%  had  discussed 
life-support,  and  only  14.3%^  thought  that  their 
physicians  understood  their  end-of-life  wishes. 
Subject  willingness  to  undergo  intubation  var- 
ied with  baseline  health,  likelihood  of  survival, 
and  anticipated  health  following  extubation.  We 
conclude  that  patients  in  pulmonary  rehabilita- 
tion programs  desire  more  infomiution  about  end- 
of-life  issues  than  is  currently  pro\  ided  b\  physi- 
cians. They  regard  pulmonary  rehabilitation 
educators  as  valuable  sources  of  AD  education. 

Influence  ulCiender  and  Kndotraclu'al  Tube 
Size  on  Pre-Kxtubation  Breathing  Pattern — 

SK  Epstein,  RL  Ciubotaru.  Am  J  Respir  Crit  Care 
Med  1996:154:1647. 

.An  imbalance  between  work  of  breathing  and  res- 
piratory muscle  capacity  often  results  in  rapid, 
shallow  breathing  (increased  respiratory  rate/tidal 
volume  ItWrl).  Because  this  imbalance  commonly 
causes  unsuccessful  weaning  from  mechanical 
ventilation,  it  is  not  surprising  that  an  elevated 
f/Vx  accurately  predicts  weaning  failure.  How- 
ever, while  studying  e,\tubation  outcome,  we 
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obsened  that  women  and  patients  with  narrow 
endotracheal  tubes  are  often  successfully  e\tu- 
bated  with  an  elevated  tyVj.  We  studied  2 1 8  med- 
ical patients  in  the  intensive  care  unit  \\  ho  had 
a  tyVx  measured  through  an  oral  endotracheal  tube 
(off  of  ventilatory  support)  during  1  minute  of 
spontaneous  respiration  at  the  onset  of  a  wean- 
ing trial  that  culminated  in  extubation.  Men  and 
women  w  ere  conip;u"able  at  the  onset  of  mechan- 
ical ventilation  and  weaning  trials  in  severity  of 
illness,  etiology  of  respiratory  failure,  ventilator 
settings,  and  gas  exchange  data.  Women  were 
found  to  have  a  higher  if\r  (79  ±  5  vs  56  ±  } 
breaths/L.p<  0.001).  lower  tidal  volumes  (381 
±  1 4  vs  494  ±  1 3  niL.  p  <  0.00 1 ),  and  higher  res- 
piratory rate  (26  ±  1  vs  24  +  I .  p  <  0.05).  The  dif- 
ferences persisted  after  controlling  for  extubation 
outcome.  Smaller  endotracheal  tubes  were  asso- 
ciated w  ith  a  higher  tTVt.  especially  for  women 
(<  7  min.  86  ±  6  vs  >  7  mm.  68  ±  6.  p  <  0.05 ). 
Women  were  more  likely  to  have  a  tWr  >  100 
( 19/82  [women]  vs  10/136  [men],  p  <  0.001 ). 
Although  the  overall  incidence  of  extubation  fail- 
ure was  similar  ( 1 1/82  [women]  vs  23/136  ]men]. 
p  =  NS).  among  patients  with  f/Vj  2  100,  men 
were  more  likely  to  require  reintubation  (3/19 


[women]  vs  5/10  [men],  p  =  0.08).  We  conclude 
that  women,  especially  when  breathing  through 
small  endotracheal  tubes,  have  a  higher  f/Vx 
(mcluding  likelihood  of  f/Vr  >  100)  than  men. 
independent  of  extubation  outcome.  Considera- 
tion of  factors  that  elevate  the  f/Vx,  unrelated  to 
physiologic  work  of  breathing  and  respiratory 
muscle  capacity,  should  improve  application  of 
this  index  to  extubation  decision  making. 

Serum  Albuterol  Levels  in  Mechanically  Ven- 
tilated Patients  and  Healthy  Subjects  after 
Metered  Dose  Inhaler  .Vdministration — AG 

Duarte.  R  Dhand.  R  Reid.  JB  Fink.  PJ  Fahey.  MJ 
Tobin.  JW  Jenne.  Am  J  Respir  Crit  Care  Med 
1 996;  1 54: 1658. 

In  mechanically  ventilated  patients,  systemic  bkxxi 
levels  of  inhaled  drugs  reflect  absorption  from  the 
lower  respiratory  tract  alone  since,  unlike  non- 
intubated  patients,  oropharyngeal  and  gastroin- 
testinal absoiption  cannot  cKcur.  To  detemiine  the 
efficiency  of  aerosol  administration  by  a  metered 
dose  inhaler  (MDI),  we  measured  serum  albuterol 
levels  after  administration  by  a  MDI  and  spacer 
to  9  mechanically  ventilated  patients  ( 10  puffs) 


and  to  10  healthy  subjects  (6  puffs).  Serum  al- 
buterol levels  (±  SEM)  quantitated  by  high-per- 
formance liquid  chromatography  and  electro- 
chemical detection  were:  0.(.)9  ±  0.04  mg/niL/puff 
at  baseline.  0.66  ±  0. 1 0  at  5  minutes.  0.98  ±  0. 1 0 
at  10  minutes,  0.56  ±0.08  at  15  minutes,  and  0.37 
±  0.03  at  30  minutes  in  mechanically  ventilated 
patients  versus  zero  at  baseline.  0.89  ±  0. 1 2  at  5 
minutes.  1.27  ±0.13  at  10  minutes.  0.84  ±0.09 
at  15  minutes,  and  0.53  ±  0.07  at  30  minutes  in 
control  subjects  (p  >  0.07  at  5,  10,  and  30  min; 
p  <  0.05  at  baseline  and  at  1 5  min ).  Area  under 
the  curve  (AUC(no)  in  the  mechanically  venti- 
lated patients  was  16.8  ±  1.4  versus  23.4  ±  1.9 
ng/mL7puff  x  min  in  control  subjects  (p  =  0.014). 
In  summary,  administration  of  albuterol  with  a 
MDI  achieved  a  profile  of  semm  levels  in  mechan- 
ically ventilated  patients  similar  to  that  in  healthy 
control  subjects,  but  the  peak  serum  level  and  sys- 
temic bioavailability  ( AUCimi)  were  lower  in  the 
patients.  In  conclusion,  serum  levels  reliably  a.ssess 
lower  respiratory  tract  deposition  of  albuterol,  and 
show  that  MDls  are  more  efficient  for  aerosol 
delivery  in  mechanically  ventilated  patients  than 
was  previously  reported  in  studies  using  radio- 
labeled aerosols. 
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Relationship  between  Chronic  Dyspnea  and 
Expiratory  Flow  Limitation  in  Patients  with 
Chronic  Obstructive  Pulmonary  Disease — L 

Eltayara.  MR  Becklakc.  CA  Volta,  J  Milic-Emili. 
Am  J  Respir  Grit  Care  Med  1 996;  1 54: 1 726. 

The  purpose  of  this  study  was  to  assess  whether 
expiratory  flow  limitation  (FL).  as  measured  by 
applying  negative  pressure  at  the  mouth  during 
tidal  expiration,  is  a  better  predictor  of  dyspnea 
than  routine  spirometPi  measurements.  The  study 
population  consisted  of  1 1 7  ambulatory  patients 
with  COPD.  Dyspnea  was  assessed  according  to 
the  ATS-DLD  respiratory  Questionnaire.  Expi- 
ratory tlow  limitation  was  measured  in  supine  and 
sitting  positions,  and  expressed  as  a  percentage 
of  the  expired  control  tidal  \  olume  affected  by  tlow 
limitation  (FL.  9r  Vt).  Using  Speamian's  rank  cor- 
relation (rj.  we  found  that  the  correlation  of  dys- 
pnea scale  with  FL  was  stronger  (r^  >  0..'i)  than 
with  FVC  (r,  <  -0.3)  or  FEVi  (Ts  <  -0.4)  in  both 
positions.  In  a  multiple  regression  analysis  FL 
remained  the  best  predictor  of  dyspnea  scale  even 
after  adjustment  for  FEVi  (%  predicted).  Finally. 
FL  was  ahnost  as  sensitive  as  FEVi  (%  predicted  l 
but  much  more  specific  in  assessing  the  severity 
of  dyspnea  scale.  These  findings  suggest  that  expi- 
ratory flow  limitation  as  measured  by  the  nega- 
tive expiratory  pressure  technique  may  be  more 
useful  in  the  evaluation  of  dyspnea  in  patients  with 
COPD  than  spirometry  measurements. 

Increasing  Incidence  of  Withholding  and  \\  ith- 
drawal  of  Life  Support  from  the  Critically  III — 

TJ  Prendengast.  JM  Luce.  Am  J  Respir  Crit  Care 
Med  1997;L'i5;15. 

To  determine  w  hether  limits  to  life-sustaining  care 
are  becoming  more  common,  we  attempted  to 
quantify  the  incidence  of  recommendations  to 
withhold  or  withdraw  life  support  from  cntically 
ill  patients,  to  describe  how  patients  respond  to 
these  recommendations,  and  to  examine  how  con- 
flicts over  these  recommendations  are  resolved. 
In  1992  and  1993  we  prospectively  enrolled  179 
consecutive  patients  from  2  intensive  care  units 
(ICUs)  for  whom  a  recommendation  was  made 
to  withhold  or  w  ithdraw  life  support.  Where  pos- 
sible, we  compared  results  with  data  collected  in 
the  same  units  over  a  similar  time  period  in  1 987 
and  1988.  Recommendations  to  withhold  or  with- 
draw life  support  preceded  179  of  200  deaths 
(90%)  in  1992  and  1993,  compared  with  1 14  of 
224deaths  (51%)  in  1987  and  1988  iz"  =  73.76, 
p  <  0.001 ).  Cardiopulmonary  resuscitation  was 
initiated  in  10%  of  deaths  in  1992  and  1993  as 
compared  with  49%  in  1987  and  1988.  Ninety  per- 
cent of  patients  agreed  within  less  than  5  days,  and 
only  S  patients  (4%)  refused  physicians'  rec- 
ommendations to  limit  life  support.  In  cases  of  con- 
flict, physicians  in  1992  and  1993  deferred  to 
patients  with  one  exception:  physicians  were  will- 
ing to  refuse  surrogate  requests  for  resuscitation 
of  patients  they  considered  hopelessly  ill.  We  con- 


clude that  90%  of  patients  who  die  in  these  ICUs 
now  do  so  follow  ing  a  decision  to  limit  therapy, 
that  this  represents  a  major  change  in  practice  in 
these  institutions  over  a  pericxi  of  5  years,  that  most 
patients  and  surrogates  accept  an  appropriate  rec- 
ommendation to  withhold  or  withdraw  life  sup- 
port, and  that  physicians  will  refuse  surrogate 
requests  in  certain  circumstances.  See  the  rctalcci 
eiiiuirial:  Managing  Death  and  Dying  in  the 
Intensive  Care  Vnit—JHT  Karlawisli.  JB  Hull. 
Am  J  Rcxpir  Crit  Care  Med  1997:155:1-2. 

Intensive  Care  of  Patients  with  HIV  Infection: 
Utilization,  Critical  Illnesses,  and  Outcomes. 

MJ  Rosen.  K  Clayton.  RF  Schneider.  W  Fulk- 
erson,  AV  Rao.  J  Stansell,  et  al,  and  The  Pul- 
monary Complications  of  HIV  Infection  Study 
Group.  Am  J  Respir  Crit  Care  Med  1997;155:67. 

To  examine  intensive  care  unit  (ICU)  admission 
rates  and  diagnoses  of  patients  with  HIV  infec- 
tion, and  to  determine  the  outcomes  of  different 
critical  illnesses,  we  analyzed  data  derived  from 
the  63  patients  who  were  admitted  to  an  ICU  from 
among  the  1.1 30  adults  with  HIV  infection  who 
did  not  have  AIDS  at  the  time  of  enrollment  in 
a  multicenter  prospective  study.  Patients  were 
admitted  and  treated  according  to  the  judgment 
of  their  physicians.  Dunng  4.298  patient-years  of 
follow-up  for  the  entire  cohort,  there  were  1 .320 
hospital  adinlssions.  of  which  68  (5% )  included 
admission  to  an  ICU,  Twenty-five  (40%  )  of  the 
patients  admitted  to  the  ICU  died  during  that 
admission.  Twenty-four  patients  (38%)  were 
admitted  with  a  principal  diagnosis  of  lung  dis- 
ease; 1 1  had  Pneiitnocystis  carinii  pneumonia 
(PCP),  1  of  whom  wascoinfected  with/li/jf  rt;i//H.v 
liimigaliis  and  Legionella  pneumophilia.  and  6  of 
them  (55% )  died.  Four  had  bacterial  pneumonia. 
2  had  pulmonary  edema  caused  by  renal  failure, 
iind  1  each  had  pulmoniirv  tuberculosis,  pulnioiuuy 
Kaposi's  sarcoma,  pneumothorax,  adult  respiratory 
distress  syndrome,  severe  pulmonary  fibrosis, 
cytomegalovirus  pneumonitis,  and  metastatic  ade- 
nocarcinoma to  the  lungs.  Eleven  of  these  14  pa- 
tients (79%)  died.  Thirty-nine  patients  had  44 
admissions  for  nonpulmonary  diagnoses,  includ- 
ing gastrointestinal  disorders  ( 14  admissions),  car- 
diovascular disorders  (9),  sepsis  syndrome  (6).  neu- 
rologic disorders  (4),  monitoring  and  ICU  nursing 
care  during  or  after  a  procedure  (4),  metabolic  dis- 
orders (3),  trauma  (2),  drug  overdose  (1),  and 
unknown  reasons  ( 1 ).  Nine  (23%)  of  these  patients 
died.  Twenty-eight  patients  underwent  mechan- 
ical ventilation,  and  16  (57% )  died.  Seven  (25% ) 
had  PCP  ( 5  died),  7  had  other  primary  pulmonary 
diseases  (6  died),  and  14  were  placed  on  mechan- 
ical ventilation  for  nonpulmonary  disorders  (5 
died).  Survival  did  not  correlate  with  CD4  count 
determined  within  6  months  of  admission  to  the 
ICU.  In  conclusion,  the  range  of  indications  for 
critical  care  in  patients  with  HIV  infection  is 
diverse.  PCP  accounted  for  only  16%  of  the  ICU 
admissions,  and  mechanical  venfilation  for  PCP 


and  other  pulmonary  disorders  was  associated  with 
a  high  mortality  rate.  In  contfast.  mechanical  ven- 
tilation for  nonpulmonary  disorders,  and  admis- 
sion to  the  ICU  for  nonpulmonary  diagnoses  was 
associated  with  a  more  favorable  outcome. 

Lower  Respiratory  Illness,  Recurrent  Wheez- 
ing, and  Day  Care  .\ttendance — MC  Marbury , 

G  Maldonado.  L  Waller.  Am  J  Respir  Crit  Care 
Med  1997:155:156. 

We  prospectively  assessed  the  relations  between 
various  characteristics  of  day  care  and  lower  res- 
piratory illness  (LRl)  in  a  cohort  of  1.268  Min- 
nesotan  children,  bom  between  October  1989  and 
January  1991  and  followed  to  2  years  of  age. 
Information  on  LRl  was  abstracted  from  med- 
ical records  and  data  on  day  care  use,  respiratory 
symptoms,  and  physician  diagnosis  of  asthma 
were  obtained  from  questionnaires.  We  identi- 
fied a  subgroup  of  60  children  with  recurrent 
wheezing  illnesses.  The  LRl  rate  ratio  for  day  care 
attendance  was  2.0  (95%  confidence  interval  = 
1.7.  2.2).  Rate  ratios  were  similar  regardless  of 
the  day  care  setting,  number  of  other  children  pre- 
sent, or  the  number  of  hours  spent  in  day  care. 
A  parental  history  of  asthma  further  increased  the 
rate  ratio  for  day  care  attendance.  Day  care  atten- 
dance was  associated  with  a  3-fold  risk  of  hav- 
ing recurrent  wheezing  illnesses.  We  conclude 
that  day  care  attendance  is  an  important  risk  fac- 
tor for  LRl  in  young  children,  and  for  recurrent 
wheezing  illnesses. 

Racial  Differences  in  Sleep-Disordered  Breath- 
ing in  African-Americans  and  Caucasians — 

S  Redline,  PV  Tishler,  MG  Hans,  TD  Tosteson, 
KP  Strohl,  K  Spry.  Am  J  Respir  Crit  Care  Med 
1997:155:186. 

In  this  case-control  family  study  of  sleep-disor- 
dered breathing  (SDB).  we  describe  the  distri- 
butions of  SDB  and  SDB  risk  factors  in  African- 
Americans  and  Caucasians.  A  total  of  225 
African-Americans  and  622  Caucasians,  ages  2 
to  86  years,  recmited  as  members  of  families  with 
an  individual  with  known  sleep  apnea  (85  index 
families)  or  as  members  of  neighborhood  control 
families  (63  families)  were  studied  with  an 
o\  emight  home  sleep-study,  questionnaires,  and 
physical  measurements.  A  subsample  underwent 
cephalometry.  Outcome  measures  were  the  res- 
piratory disturbance  index  (RDl)  and  a  binary  vari- 
able indicating  the  presence  of  increased  apneic 
activity  (lAA).  In  both  races,  a  strong  relation- 
ship was  demonstrated  between  the  (log  trans- 
formed) RDl  and  age  and  age-.  African-Amer- 
icans with  SDB  were  younger  than  Caucasians 
with  SDB  (37.2  ±  19.5  vs  45.6  ±  18.7  yr,  p  <  0.0 1 ). 
In  subjects  <  25  years,  RDl  level  and  lAA  preva- 
lence were  higher  in  African-Americans  (odds 
ratio,  adjusted  for  obesity,  sex.  proband  sampling, 
and  familial  clustering.  1 .88,  1 .03  to  3.52,  95% 
CI).  In  this  age  group,  racial  differences  also  were 
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observed  in  the  relationship  between  RDI  and  age 
(p  <  0.001  for  the  RDI-age  interaction).  This  sug- 
gests that  young  African-Americans  may  be  al 
increased  risk  for  sleep  apnea. 

Effects  of  Sleep  Posture  on  Upper  Airway  Sta- 
bility in  Patients  with  Obstructive  Sleep 
Apnea— AM  Neill,  SM  Angus.  D  Sajkov.  RD 
McEvoy.  Am  J  Respir  Cnt  Care  Med  1997; 
155:199. 

Changes  in  sleep  posture  have  been  shown  to 
improve  obstructive  sleep  apnea  (OS A).  To  inves- 
tigate the  mechanisms  by  which  this  occurs  we 
assessed  upper  airway  stability  in  8  patients  with 
severe  OSA  in  3  posmres  (supine,  elevated  to  30^. 
and  lateral).  We  used  a  specially  adapted  nasal 
continuous  positive  airway  pressure  (nCPAP) 
mask  to  measure  upper  airway  closing  pressure 
(UACP)  and  upper  airway  opening  pressure 
(UAOP)  dunng  non-REM  sleep.  Statistical  com- 
parisons were  made  between  postures  using 
ANOVA  for  repeated  measures.  Elevation  resulted 
in  a  less  collapsible  airway  compared  with  both 
the  supine  and  lateral  positions  (mean  UACP:  30° 
elevation  — t.O  ±  3.2  compared  with  supine  0.3 
+  2.4  cm  H2O.  p  <  0.05  and;  lateral  -1.1  ±  2.2  cm 
H2O,  p  <  0.05).  Supine  UACP  and  lateral  UACP 
were  not  significantly  different.  Elevation  or  lat- 
eral positioning  produced  a  50%  reduction  in  mean 
UAOP  (supine  10.4  ±  3.5  cm  H2O  compared  with 
30°  elevation  5.3  ±  2.1,  p  <  0.05;  and  lateral  5.5 
±2.1  cm  HiO,  p  <  0.05).  We  conclude  that  in 
severely  affected  OSA  patients  upper  body  ele- 
vation, and  to  a  lesser  extent  lateral  positioning, 
significantly  improve  upper  airway  stability  dur- 


ing sleep,  and  may  allow  therapeutic  levels  of 
nCPAP  to  be  substantially  reduced. 

Adjustment  of  DLfo  for  Hemoglobin  Con- 
centration— RM  Marrades,  O  Diaz,  J  Roca,  JM 
Campistol.  JV  Torregrosa,  JA  Barbera.  et  al.  Am 
J  Respir  Cril  Care  Med  1997:155:236. 

The  equation  proposed  by  Cotes  and  coworkers 
is  currently  considered  as  the  most  acceptable  to 
correct  carbon  mono.xide  diffusing  capacity 
(DLco)  for  hemoglobin  concentration  |Hb|  by  both 
the  American  Thoracic  Society  (ATS)  and  the 
European  Respiratory  Society  (ERS)  guidelines 
for  standardization  of  DLco-  In  a  previous  study 
on  24  anemic  patients  undergoing  bone  marrow 
transplantation  ( 1 ),  we  found  that  DLco  is  under- 
estimated using  the  equation  of  Cotes  and  cowork- 
ers. To  further  explore  this  finding,  28  anemic 
patients  ([Hb]  =  8.2+1 .0  (SD)  g/dL)  with  chronic 
renal  failure  were  prospectively  studied  dunng  the 
recovery  period  of  anemia  (5.4  ±  3.5  mo).  In  all 
28  subjects,  the  slope  ADLco/A[Hb|  computed 
as  ratio  of  overall  change  in  DLco  to  overall 
change  in  [Hb|  throughout  the  study  period  was 
1 .40  ±  0.72  mL  CO/min/mm  Hg/g/dL.  The  indi- 
vidual relationship  between  measured  DLco  imd 
|Hb]  closely  fined  a  simple  linear  regression.  The 
resulting  equations  for  adjustment  of  DLco 
( DLcoadj )  to  a  standard  |Hb]  of  14.6  g/dL  for  men 
and  13.4  g/dL  for  women  are:  DLcoadj  (men)  = 
DLcoobs  +  1.40  (14.6  -  [Hb]):  and  DLcoadj 
(women)  =  DLcoot'!'  +  l-*0  ( '3.4  -  |Hbl).  The 
present  adjustment  function  for  DLco  is  linear  and 
independent  of  the  observed  DLco  values,  whereas 
the  formulas  previously  proposed  are  curvilinear. 


DLco  correction  varying  with  the  measured  DUo 
values.  For  a  measured  DLco  of  1 5  niL  CO/min/ 
mm  Hg  and  |Hb|  ranging  from  7  to  12  g/dL.  the 
present  DLco  adjustment  is  higher  (by  2.7  niL 
CO/min/mm  Hg,  on  average)  than  that  proposed 
by  Cotes  and  coworkers.  This  difference  appears 
to  be  relevant  for  a  precise  interpretation  of  DLco 
in  patients  with  normocytic  anemia  in  different 
clinical  conditions. 

Spirometry  Values  in  Stable  Lung  Transplant 
Recipients — JAB  Martinez,  IL  Paradis,  JH 
Dauber,  W  Grgurich,  T  Richards,  SA  Yousem, 
et  al.  Am  J  Respir  Cnt  Care  Med  1997;155:285. 

To  clarify  the  usefulness  of  pyrometry  to  assess 
the  function  of  the  lung  allograft  post-transplant, 
we  retrospectively  reviewed  35 1  sequential  spirom- 
etry measurements  performed  by  65  healtliy  recip- 
ients after  the  80th  postoperative  day  when  the  clin- 
ical evaluation  and  fiberoptic  bronchoscopy  with 
transbronchial  biopsies  and  bronchoalveolar  lavage 
excluded  significant  rejection  or  infection  in  the 
allograft.  The  mean  coefficients  of  variation  (CV ) 
and  significant  values  for  change  (SC)  for  the  FVC, 
FEVi,  and  FEFivTjq  were  calculated  according 
to  the  type  of  transplant  procedure  (heart-lung  and 
double-lung  |HL-DL]  vs  single-lung  [SL]),  and 
to  the  time  after  transplant  when  the  spirometry 
measurements  were  obtained  (<  1  yr  vs  >  I  yr). 
The  SC  for  the  FVC  decreased  with  time  after 
transplantation  for  both  HL-DL  (<  1  yr:  17%  vs 
>  1  yr:  7%)  and  SL  recipients  (<  I  yr:  13'/r  vs  > 
1  yr:  8% ).  The  higher  degree  of  variability  within 
the  first  year  was  primarily  due  to  increasing  val- 
ues especially  in  the  HL-DL  recipients.  The  SC 
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lor  Ihe  FEV  ]  also  decreased  over  time  for  HL-DL 
recipients  (<  I  yr:  1  H9c  vs  >  I  yr:  9% )  but  was  sim- 
ilar for  SL  recipients  at  both  intervals  (13%).  Our 
results  suggest  that  decreases  of  >  1 1%  in  FVC 
or  12%  in  FEV,  in  HL-DL  recipients  and  >  12% 
in  FVC  or  13%  in  FEVi  for  SL  recipients  indi- 
cate a  significant  decrease  in  allograft  function  that 
may  be  due  to  infection  or  rcjectiiin. 

Prevention  of  Pediatric  l)ro«  nin}-  and  Near- 
Drowning:  A  Sur>ey  of  Members  of  the  Amer- 
ican Academy  of  Pediatrics — JE  O'Flaherty.  PL 
Pirie.  Pediatrics  iyy7;yy(2):  16'). 

OBJECTIVE:  To  assess  pediatricians"  knowledge 
about  the  epidemiology  of  childhood  drowning, 
their  opinions  and  current  practices  regarding  its 
pre\ention.  and  their  interest  in  taking  on  more 
responsihilit\  for  its  prevention.  DESIGN:  A  self- 
administered  questionnaire  was  mailed  to  800  pedi- 
atricians in  Ihe  United  States,  randomly  selected 
from  the  American  Academy  of  Pediatrics'  ap- 
pro.ximately  18.000  full  fellows.  RESULTS:  A 
total  of  560  completed  surveys  were  returned,  a 
response  rate  of  70.1%.  Although  85%  of  respon- 
dents believe  it  is  the  responsibility  of  pediatri- 


cians to  become  involved  in  community  and/or 
legislative  efforts  to  prevent  childhood  drowning, 
only  4.1%  were  involved  in  such  efforts.  Only  a 
minority  of  respondents  provided  written  mate- 
rials and  anticipatory  guidance  on  drowning  pre- 
vention to  their  patients.  Women  were  more  likely 
than  men  to  discuss  drowning  prevention  with  their 
patients.  Younger  physicians  were  more  likely  than 
older  physicians  to  discuss  drow  ning  prevention 
with  their  patients.  Physicians  who  received  for- 
mal education  on  drowning  prevention  during  their 
pediatric  residency  training  were  more  likely  to 
provide  written  materials  and  anticipatory  guid- 
ance on  drowning  prevention  to  their  patients. 
However,  only  1 7.9%  of  respondents  received  for- 
mal education  on  drowning  prevention  during  their 
pediatric  residency  training.  Seventy-four  percent 
of  all  respondents  felt  that  further  education  on 
the  prevention  of  childhood  drowning  and  near- 
drowning  would  be  useful  to  them.  CONCLU- 
SION: Although  drowning  is  the  second  leading 
cause  of  death  by  unintentional  injury  in  the  pedi- 
atric population  laged  0  to  19  years),  most  pedia- 
tricians do  not  routinely  provide  information  to 
their  patients,  or  to  their  patients'  parents,  on 
drowning  prevention.  IMPLICATION:  Pedia- 


tricians have  been  effective  child  advocates  in 
many  areas  of  injury  prevention.  If  the  preven- 
tion of  drowning  is  made  a  priority  in  pediatric 
practice,  many  more  children's  lives  will  he  sa\ed. 

Improving  Care  for  Minority  Children  with 
Asthma:  Professional  Education  in  Public 
Health  Clinics— D  E\ans.  R  Mellins,  K  Lobach. 
C  Ramos-Bonoan,  M  Pinkett-Heller,  S  Wiese- 
mann,  et  al.  Pediatrics  I997:99(2):157. 

OBJECTIVE:  Recent  studies  have  shown  that  lack 
of  continuing  primary  care  for  asthma  is  associated 
with  increased  levels  of  morbidity  in  low-income 
minority  children.  Although  effective  preventive 
therapy  is  available,  many  African-American  and 
Latino  children  receive  episodic  treatment  for 
asthma  that  does  not  follow  current  guidelines  for 
care.  To  see  if  access,  continuity,  and  quality  of 
care  could  be  improved  in  pediatric  clinics  serv- 
ing low-income  children  in  New  York  City,  we 
trained  staff  in  New  York  City  Bureau  of  Child 
Health  clinics  to  provide  continuing,  preventive 
care  for  asthma.  METHODS:  We  evaluated  the 
impact  of  the  intervention  over  a  2-year  period 
in  a  controlled  study  of  22  clinics.  Training  for 
intervention  clinic  staff  was  based  on  National 
Asthma  Education  and  Prevention  Progi-am  guide- 
lines for  the  diagnosis  luid  management  of  asthma, 
and  included  screening  to  identify  new  cases  and 
health  education  to  impnn  e  family  manageinent. 
The  intervention  included  strong  administrative 
support  by  the  Bureau  of  Child  Health  to  promote 
staff  behavior  change.  We  hypothesized  that  after 
the  intervention,  clinics  that  received  the  inter- 
vention would,  comp;m;d  v\  itli  control  clinics,  have 
increased  numbers  of  children  with  asthma  receiv- 
ing continuing  care  in  the  clinics  and  increased 
staff  use  of  new  pharmacologic  and  educational 
treatment  methods.  RESULTS:  In  both  the  first 
and  second  follow-up  years,  the  intervention  clin- 
ics had  greater  positive  changes  than  contfol  clin- 
ics on  measures  of  access,  continuity,  and  qual- 
ity of  care.  For  second  year  follow-up  data  these 
Include:  for  access,  greater  rate  of  new  asthma 
patients  (40/1, (XX)  vs  I6/I,(XX);  p<0.0!);  for  con- 
tinuity, greater  percentage  of  asthma  patients 
returning  for  treatment  2  years  in  a  row  (42%  vs 
1 2%:  p  <  0.001 )  and  greater  annual  frequency  of 
scheduled  visits  for  asthma/patient  ( 1 .85  vs  0.88; 
p  <  0.001 );  and  for  quality,  greater  percentage  of 
patients  receiving  inhaled  /}  agonists  (52%  vs  15%; 
p  <  0.001)  and  inhaled  anti-inflammatory  drugs 
(25%  vs  2%:  p  <  0.001 ),  and  greater  percentages 
of  p;irents  who  reported  recei\  ing  patient  education 
on  12  topics  from  Bureau  of  Child  Health  physi- 
cians (71%  vs  58%;  p  <  0.01 )  and  nurses  (61%' 
vs  44%;  p  <  0.05).  CONCLUSION:  We  conclude 
that  the  intervention  substantially  increased  the 
Bureau  of  Child  Health  staffs  ability  to  identify 
children  with  asthma,  involve  them  in  continu- 
ing care,  and  provide  them  with  state-of-the-art 
care  for  asthma.  See  ihe  related  editorial:  Imprm- 
ing  Our  Public  Health  System 's  Care  for  C'liil- 


35: 


RESPIRATORY  CARE  •  APRIL  "97  VOL  42  NO  4 


Salter's  New  ULTRAMIST 
Greater  Aerosol  Density 
Less  Medication  Waste 


•  • 


Ultramist  #8960 


Innovative  refinementsto  Salter's  popular  #8900 

Nebulizer  increases  medication  concentration 

while  minimizing  costly  medication  waste. 


A  new  efficient  flow-through  chamber, 
coupled  with  the  maximum  capillary 
action  of  the  patented  "green  cone" 
design,  provides  greater  medication 
density. 

New  one-way  valves  minimize 
exhalation  of  costly  medication. 

New  design  eliminates  need 
for  a  tee  piece  and  reservoir 
tube  while  maintaining  Salter's 
unique  Anti-Drool  feature. 


Easi/  nsscmblitlciisassembli/  with 
scrrii>-ou  cap  provides  a  leak-proof 
seal  fc. 


Greater  surface  area  creates 
maximum  capillary  action. 
Allows  operation  at  any  angl 


Mare  efficient 
flow-through 
chamber 

Cone  design 
provides  more 
room  for  easy, 
thorough  jet 
cleaning 

Scalloped  cuff 
provides  stabdity 
and  simplifies  tube 
attachment 


Regardless  of  use  location. . 
homecare  setting,  the  all-new 
ease  and  performance.  What 
a  product  that  carries 


.  hospital,  nursing  home  or  the 
Ultramist  is  unbeatable  in  both 
else  would  you  expect  from 
the  name  Salter?  i 


U.S.  and  Worldwide  patents, 

ottier  Patents  Pending 

©Copynght  1996,  Salter  Labs,  Arvin.  CA 


Quality  Care  Begins  with  Quality  Products 


I  The  Ultramist  #8984 
(as  shown)  is  available 
in  a  variety  of  system 
configurations 

For  coivplete  information, 
contact  your  Salter 
representative  or  call 
1-800-235-4203. 

SRITER  ^^M 

100  W.  Sycamore  Hd. 
Arvin.  CA  93203 
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Circle  109  on  reader  service  card 


"Professor's  Rounds"  conferences  ore  unique  opportunities  for  you  and  your  staff  to  learn  from  some  of  the  most  skilled,  knowledgeable, 

and  successful  people  in  heolth  core.  Leoaers.  People  who  know  what  is  happening  in  health  care — Sheryl  Haneckow,  Thomas 

Kallstrom,  Barbara  Wilson,  Gretchen  Lawrence,  Jon  Nilsestuen,  and  Sam  Giordano. 

Literally  thousands  of  health  care  professionals  will  view  these  programs  and  earn  continuing  education  credit.  You'll  learn  new  tactics  and  strategies 

for  the  new  era  of  health  care.  Subscribing  to  "Professor's  Rounds"  will  save  you  months  of  reading,  listening,  digging,  comparing,  and  learning  about 

the  new  health  care  and  technologies  and  procedures.  Register  now  for  an  exciting  and  informative  journey. 


Everyone  in  your  facility  can  earn  one  hour  of  continuing  education  credit  for  each 
"Professor's  Rounds"  program.  You  are  provided  with  o  90-minute  videotape  to  view 
prior  to  a  live  30-minute  telephone  question-and-answer  session  with  the  expert.  The 
only  equipment  required  is  a  VHS  videotape  player,  a  television  monitor,  and  a 
telephone/speaker  phone.  The  registration  fee  for  the  Video  Teleconference  does  not 
include  the  Live  Television  Videoconference. 

I.  Mechanical  Ventilation:  Managing  Tubes  and  Aerosols 

April  15,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

II.  Waveform  Analysis  and  Interpretation 

May  21,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

III.  JCAHO  Problematic  Areas  for  Respiratory 
Care  Services 

June  9,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

IV.  Asthma  Disease  Management: 

Using  the  Revised  NAEPP  Guidelines  in  Practice 

July  16,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

V.  Initial  Treatment  for  the  Pediatric  Patient  in 
Respiratory  Distress 

August  20,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

Vt.  Nitric  Oxide:  Issues  and  Answers 

September  8,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 


VII.  Reimbursement:  Solving  the  Puzzle 

November  3,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

VIII.  Marketing  Services  to  Managed  Care  Organizations: 
Not  Just  for  Managers 

Decemfcier  1,  12:30-1  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 


You  and  each  member  of  your  staff  can  earn  one  hour  of  continuing  education  credit 
for  each  "Professor's  Rounds"  program  without  leaving  your  facility.  Each  live 
90-minute  program  is  interactive  to  give  you  the  opportunity  to  ask  questions  and 
discuss  the  issues  further  Earn  continuing  education  credit  by  viewing  the  program 
live  or  by  tape  delay.  You  will  need  satellite  reception  copobilities  (KU  analog  or 
C  Bond)  and  a  viewing  room  with  a  video  monitor  and  telephone.  The  registration 
fee  for  the  Live  Television  Videoconference  does  not  include  the  Video 
Teleconference. 

I.  Mechanical  Ventilation:  Managing  Tubes  and  Aerosols 

March  18,  12:30-2  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

II.  Waveform  Analysis  and  Interpretation 

April  29,  12:30-2  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

III.  JCAHO  Problematic  Areas  for  Respiratory 
Care  Services 

May  20,  12:30-2  p.m.  Eastern  Time,  9:30  am  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

IV.  Asthma  Disease  Management: 

Using  the  Revised  NAEPP  Guidelines  in  Practice 

June  24,  12:30-2  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

V.  Initial  Treatment  for  the  Pediatric  Patient  in 
Respiratory  Distress 

July  15,  12:30-2  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

VI.  Nitric  Oxide:  Issues  and  Answers 

August  26,  12:30-2  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 


VII.  Reimbursement:  Solving  the  Puzzle 

October  14,  12:30-2  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 

VIII.  Marketing  Services  to  Managed  Care  Organizations: 
Not  Just  for  Managers 

November  1 1 ,  12:30-2  p.m.  Eastern  Time,  9:30  a.m.  Pacific  Time 
Approved  for  One  Hour  of  Continuing  Education  Credit 


Videotapes 

Videotapes  of  the  programs  will  be  available  after 
each  Live  Television  Videoconference,  Sites 
purchasing  videotapes  only  do  not  earn  continuing 
education  credit.  To  earn  continuing  education, 
porticipants  must  view  the  program  at  a  site 
registered  for  the  Live  Television  Videoconference  or 
the  Video  Teleconference.  If  you  have  any  questions, 
please  call  (972)  243-2272. 

Accreditation 

Each  staff  membe'  completing  CRCE  requirements 
earns  one  continuing  education  credit  for 
poiticipoting  in  each  program  in  the  1997 


"Professor's  Rounds"  series.  If  you  subscribe  to  the 
entire  series,  you  and  staff  members  con  each  earn  a 
total  of  eight  continuing  education  credits.  However, 
participants  must  view  the  program  at  a  site 
registered  for  o  Live  Television  Videoconference  or  at 
a  site  registered  for  a  Videotape  Teleconference  in 
order  to  receive  credit  Videotape-only  purchasers 
do  not  qualify  for  continuing  education  credit. 

Requirements 

Live  Television  Videoconference — You  will 
need  satellite  reception  capabilities,  a  viewing 
room,  a  television  monitor,  and  a  telephone. 
Registration  fee  is  for  the  live  television  broadcast 
only.  It  does  not  include  both  the  Live  Television 
Videoconference  and  Videotape  Teleconference. 


Videotape  Teleconference — A  videotape  of  the 
programs  is  provided  to  registered  Videotape 
Teleconference  sites  after  the  live  program.  The 
only  equipment  required  is  a  VHS  videotape 
player,  a  television  monitor,  and  o  telephone/ 
speaker  phone.  Registration  fee  is  for  the 
Videotope  Teleconference  only  It  does  not  include 
both  the  Videotape  Teleconference  and  Live 
Television  Videoconference. 

Videotapes  Only — Videotapes  of  the  program 
will  be  available  after  the  live  television  broadcast. 
Note:  Purchasers  of  videotapes  only  are  not 
eligible  for  continuing  education  credit. 


1997  ''Professor's  Rounds"  Registration  Form 

To  register,  please  complete  the  form  below.  Make  checks  payable  to  the  AARC.  Moil  registration  form  to:  American  Association  for 
Respiratory  Care,  AARC  Videoconferences,  1 1030  Abies  Lone,  Dallas,  Texas  75229-4593.  Purcfiose  orders  and  credit  cord  orders 
may  be  foxed  to  (972)  484-2720  or  (972)  484-6010. 


Method  of  Payment:    ^    Check  enclosed  in  the  amount  of  $_ 
Bill  my  credit  cord:    D  Visa    D  MasterCard 


n  Purchase  Order  Number 


Card  Number 


Expiration  Date 


AARC  Member  Number 
Name 


Signature  X 
Title 


Institution 


Billing  Address 
Cily/State/Zip . 


Send  Program  Materials  to  (if  different  from  above): 

Please  provide  street  address  for  UPS  shipmer)ts.  No  Post  Office  boxes. 

Nome 


Telephone  Number 


Title 


Institution 


Street  Address . 
City/State/Zip . 


Telephone  Number  ( 


Site  Registration  (select  one  only):    12  Live  Television  Videoconference  or    n  Videotape  Teleconference  or    D  Videotape  Only 

Subscription  rotes  do  not  include  both  the  Live  Television  Videoconference  Program  and  Videotape  Teleconference  Program.  Each  requires  a 
separate  registration  fee.  Registration  includes  connection  information,  course  material,  and  CRCE  packet  (for  live  and  teleconference  programs). 


AARC  Member  Rates:  □  1  program  =  $275 


'.  2  programs  =  $550 
($275  eacli) 


Nonmember  Rates; 


D  5  programs  =  $  1 ,030  D  6  programs  =  $  1 ,236 

($206  each)  ($206  each) 

n  1  program  =  $330  H.  2  programs  =  $660 

($330  each) 

n  5  programs  =  $1 ,235  \Z  6  programs  =  $1 ,482 


($247  each) 


($247  each) 


D  3  programs  =  $825 
($275  each) 

n  7  programs  =  $1 ,442 
($206  each) 

D  3  programs  =  $990 
($330  eoch) 

n  7  programs  =  $1,729 
($247  each) 


D  4  programs  =  $824 
($206  each) 

n  8  programs  =  $1,104 
($138  each) 

D  4  programs  =  $988 
($247  each) 

D  8  programs  =  $1,320 
($165  each) 


Programs:    J  Program  I    J  Program  II    D  Program  III    D  Program  IV    D  Program  V    n  Program  VI    D  Program  VII    □  Program  Vill 
Reception  Via  (if  subscribing  to  live  program):    □  KU  analog   D  C  Band 


Abstracts 


dren  with  Asthma— KB  Weiss.  WWA<J(liiii;li)n. 
Pi'diaUHs  IW7:99{2j:252-254. 

Hospital  and  Patient  Characteristics  Associ- 
ated with  Variation  in  2S-I)a>  Mortality  Rates 
for  Very  Low  Birth  Weight  Infants — JD  Hor- 
bar.  GJ  Badger.  EM  Lewit.  J  Rogowski.  PH 
Shiono.  Pediatrics  1997:49(2 1: 149. 

BACKGROUND;  The  outcomes  tor  very  low 
birthweight  infants  \ary  among  neonatal  inten- 
sive care  units  (NICUs).  but  the  reasons  for  this 
variation  are  not  well  understood.  We  used  the 
database  of  a  large  neonatology  research  network 
to  determine  whether  either  admission  charac- 
teristics of  the  infants  or  specific  characteristics 
of  the  units  such  as  annual  patient  volume  and  the 
presence  of  a  pediatric  residency  program  could 
account  for  observed  differences  in  neonatal  mor- 
tality rates  among  units.  METHODS:  We  stud- 
ied 7.672  infants  with  birthweights  from  501  to 
L.'itXig  treated  during  1991  ;uid  1992at  62  NICUs 
participating  in  the  Vermont  Oxford  Network 
Database.  RESULTS:  Overall.  14.7%  of  the  study 
infants  died  within  28  days  of  birth  (interquartile 
range  9.9%  to  18.1%).  The  ratio  of  the  number 
of  observed  deaths  at  an  NICU  to  the  number  of 
deaths  predicted  based  on  the  characteristics  of 
infants  treated  at  the  NICU  (standardized  neona- 


tal mortality  ratio.  |SNMR))  varied  significantly 
iuiiong  units  ( range  0  to  1.69.  z  =  4.24).  There  was 
no  ass(x:ialion  between  annual  patient  \  olume  and 
either  mortality  rate  (r  =  0. 1 7)  or  SNMR  (r  =  0.22 ). 
Observed  mortality  rates  (17%  vs  13%)  and 
SNMR  ( 1 .04  vs  0.87)  were  both  higher  at  the  24 
hospitals  with  pediatric  residency  training  pro- 
grams than  at  the  ^i  hospitals  without  such  pro- 
grams. Hospitals  with  residency  programs  had 
higher  average  annual  patient  volumes  ( 104  vs  66). 
In  an  analysis  simultaneously  adjusting  for  patient 
characteristics,  volume,  and  presence  of  a  resi- 
dency program,  neither  volume  (odds  ratio  |OR| 
per  10  additional  cases  treated  1.01.95%  confi- 
dence interval  [CI].  0.98  to  1.04)  nor  presence  of 
a  pediatric  residency  program  (OR  1.18. 95%  CI. 
0.94  to  1.47)  was  significantly  associated  with 
neonatal  mortality  risk.  CONCLUSION:  There 
are  differences  in  neonatal  mortality  rates  among 
NICUs  that  cannot  he  explained  by  differences 
in  the  measured  admission  characteristics  of  the 
infants,  suggesting  that  the  effectiveness  of  med- 
ical care  varies  among  units.  Neither  the  annual 
volume  of  very  low  birthweight  infants  created  in 
a  unit  nor  the  presence  of  a  pediatric  residency 
training  program  was  independently  associated 
u iih  neonatal  mortality  rates  for  \ery  low  birth- 
weight infants.  See  ilie  related  editorials:  Qual- 
ity of  Care:  An  Overdue  Agenda — MC  MeCar- 


miek.  Pediatries  IW7:mi2}:249-250:  and  Data 
From  Randomized  Trial  Networks:  When  Less 
Is  More— MB  Bracken.  Pediatrics  IW7:99(2): 
250-252. 

Children  and  Adult  Perceptions  of  Childhood 
Asthma — GH  Guyatt,  EF  Juniper.  LE  Grit fiih. 
DH  Feeny.  PJ  Ferric.  Pediatrics  1997:99(2):  165. 

OBJECTIVE:  To  explore  children's  and  parents' 
assessment  of  children's  asthma.  DESIGN: 
Prospective  2-month  cohort  study  in  which  chil- 
dren and  parents  were  reviewed  at  baseline  and 
1 -month  intervals.  SETTING:  Mid-sized.  English- 
speaking,  industrial  community  serving  an  urban 
and  regional  rural  population.  PATIENTS  OR 
PARTICIPANTS:  Fifty-two  children.  7  to  17  yeai-i 
old.  with  a  wide  range  of  a.sthma  severity,  and  their 
parents.  INTERVENTIONS:  We  offered  patients 
with  inadequately  controlled  asthma  additional 
inhided  steroid.  MAIN  OUTCOME  MEASURES: 
Children  and  parents  provided  global  ratings  of 
change  in  childhotxl  symptoms  and  children  cimi- 
pleted  spirometry  and  the  Paediatric  Asthma  Qual- 
ity of  Life  Questionnaire  at  clinic  visits.  Patients 
recorded  peak  flow  rates,  symptoms,  and  medi- 
cation use  in  a  daily  diary.  The  diary  symptom 
report,  medication  use.  and  spirometry  were  com- 
bined to  fomi  an  astlinia  control  score.  RESULTS: 
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C02SM0^ 

RESPIRA  TORY  PROFILE  MONITOR 


■i  I 


The  CO^SMO  Plus  is  the  first  integrated  respiratory  monitor  which  combines 
airway  mechanics  with  mainstream  capnography  and  pulse  oximetry  into 

one  small,  cost  effective  package. 

The  use  of  the  world's  first  combined  mainstream  COj  adapter/flow  sensor  makes  measurements  of 
CO,  Production,  Physiologic  Deadspace  and  Alveolar  Ventilation  easily  obtainable  at  the  bedside  to 
quickly  optimize  ventilator  settings  and  establish  a  baseline  for  predicting  weaning  success.  The  use  of 
these  measurements  can  result  in  more  successful  ventilator  management,  improved  patient  outcomes 
and  reduced  costly  ventilator  days. 


For  more  information  on  the  new  CO^SMO  Plus. 
call  us  today  at  (800)  243-3444  or  (203)  265-7701. 
Visit  our  WEB  site  at  http://www.novametrix.com 
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NOVAMETRIX 

MEDICAL  SYSTEMS  INC. 
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When  you've  built  products  with  a  reputation  for 
performance;  you've  actually  built  something  more. 


It's  called  quality  of  life.  And  improving  it  comes  only  with  the 
dedicjlion  to  design  products  that  perform  -  products  built  with  an  acute 
understanding  tor  the  people  who  use  them. 

Consider  the  KiughlStar'^^'  335  respiratory  support  system  for  your 
non-invasive  ventilation  needs.  It's  micro-processor  controlled  with  flow- 
triggered  independent  sensitivity  adjustment 
for  inhalation  and  exhalation.  WTiat's  more,  the 
KnightStar  335  has  a  control  module  which 
can  be  used  remotely  in  clinical  settings  for 
monitoring  flow,  tidal  volume,  respiration  rate, 
I:E  ratio  and  system  leaks. 


Our  LP20  portable  volume  ventilator  can  also  be  used  as  a  non-inva- 
sive ventilation  device  with  either  volume  or  pressure  control  modaUty. 
Built  on  a  familiar  foundation  of  reliabilit)',  LP20  delivers  real  convenience 
and  ease  of  use  in  a  portable  design.  It  offers  nurse-friendly  features  like 
built-in  nurse  call  system,  differentiated  audible  alarms  tor  low  and  high 
pressure,  non-latching  alarms,  and  alarm 
presilence. 

Contact  your  local  representative  or  call 
800-497-4979  for  complete  details  on 
KnightStar  335  respiratory  support  system 
and  LP20  portable  volume  ventilator. 
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Abstracts 


In  children  younger  than  1 1 .  children's  global  rat- 
ing of  change  in  symptoms  correlated  strongly  with 
changes  in  quality  of  life  (0.54  to  0.67)  but  not 
with  measures  of  airway  caliber  or  asthma  con- 
trol, while  parents'  global  ratings  did  not  corre- 
late with  children's  quality  of  life  but  showed  mixl- 
erate  correlations  with  airway  caliber  (0.29  to  0.48) 
and  a.sthma  control  (C.'^O).  In  children  over  the  age 
of  1 1 .  correlations  with  all  clinical  \ariables  were 
higher  for  their  own  than  their  parents'  global  rat- 
ings. CONCLUSIONS:  In  children  under  1 1 .  clin- 
icians can  gain  complementary  information  from 
questioning  children  and  parents.  For  children  over 
1 1.  parents  can  provide  little  if  any  information 
beyond  thai  obtained  through  questioning  the  child. 

The  Influence  of  Physician  K\planations  on 
Patient  Preferences  about  Future  Health-Care 
States — DJ  Mazur.  DH  Hickam.  Med  Decis  Mak- 
ing 19y7;17:56. 

OBJECTIVE:  To  determine  the  influence  of  alter- 
native explanations  by  physicians  of  the  purpose 
of  a  medical  intervention  (intubation  and  venti- 
latory support.  IVS)  on  3  types  of  patient  pref- 
erences: desire  for  IVS,  the  length  of  lime  patients 
would  find  IVS  acceptable,  and  the  minimum 
probability  of  a  good  medical  outcome  patients 
would  require  before  assenting  to  continued  sup- 
port with  IVS.  METHODS:  Suncmred  interviews 
were  conducted  with  patients  followed  in  a  con- 
tinuity care  general  medicine  clinic  at  the  Depart- 
ment of  Veterans  Affairs  Medical  Center.  Pon- 
land.  Oregon.  Patients  were  asked  to  consider 
whether  they  would  accept  IVS  at  a  future  time. 
Patients  were  randomly  assigned  to  1  of  2  expla- 
nation conditions  that  differed  in  terms  of  their 
future  medical  contexts,  tliat  is.  the  degrees  of  spec- 
ification of  the  nature  of  the  medical  condition 
patients  were  asked  to  consider.  The  general-expla- 
nation group  was  asked  to  consider  the  future  ined- 
ical  context  of  "an  unsjiecitied  medical  condition": 
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the  specific-explanation  group  was  asked  to  con- 
sider the  future  medical  context  of  "a  severe  pneu- 
monia." Patients  were  asked  3  questions:  ( 1 1 
Would  you  accept  IVS  (yes  or  no)?  (2)  How  long 
would  you  allow  your  physician  to  continue  IVS'; 
and  (3)  After  being  on  IVS  for  2-3  days,  what 
would  be  the  minimum  chance  of  recovery  from 
the  condition  you  would  require  before  agreeing 
to  continued  IVS?  "Chance  of  recovery"  was 
defined  for  both  groups  as  the  probability  that  the 
patient  would  be  able  to  leave  the  hospital  and  be 
able  to  take  care  of  activities  of  daily  living  unas- 
sisted with  minimal  change  in  his  or  her  mental 
state  from  the  prehospitalization  status.  RE- 
SULTS; Of  1 86  patients  (mean  age  =  66.3  years; 
mean  education  =  12.7  yc;irs).  97  received  the  gen- 
eral explanation  ;md  89  received  the  specific  expla- 
nation about  a  severe  pneumonia.  Significantly 
fewer  (p  =  0.03)  patients  receiving  the  general 
explanation  wanted  physicians  to  intervene  with 
IVS  (general  94%  vs  specific  100%).  Patients 
receiving  the  general  explanation  were  willing  to 
accept  significantly  fewer  (p  =  0.009)  days  of  intu- 
bation (general  6.3  days  vs  specific  96  days).  Sig- 
nificantly fewer  (p  <  0.0001 1  patients  receiving 
the  general  explanation  w  anted  physicians  to  con- 
tinue IVS  when  the  probability  of  a  successful  out- 
come was  less  than  50%  (general  30%  vs  specific 
64%).  CONCLUSION:  Physician  explanations- 
based  on  general  (unspecified  medical  condition) 
vs  specific  (severe  pneumonia)  explanations — 
have  a  marked  influence  on  the  duration  of  IVS 
patients  would  pemiit  ;ind  the  probability  of  a  good 
outcome  required  to  continue  IVS. 

Predicting  DilTicuIt  Intubation  with  Indirect 

I.arynjjo.seopy — K  Yamamoto.  T  Tsubokawa.  K 
Shibata.  S  Ohmura,  S  Nitta,  T  Kobayashi.  Anes- 
thesiology I997;86(2):316. 

BACKGROUND:  It  is  not  always  possible  to  pre- 
dict when  tracheal  intubation  will  be  difficult  or 
impossible.  The  authors  wanted  to  determine 
whether  indirect  laryngoscopy  could  identify 
p;itiems  in  whom  intubation  was  difficult.  METH- 
ODS: Indirect  laryngoscopy  was  done  in  2.504 
patients.  The  Wilson  risk  sum  score  and  the  mod- 
ified Mallampati  score  were  also  studied  in  a  dif- 
ferent series  of  3.680  patients  for  comparison. 
These  predictive  methods  were  compared  accord- 
ing to  3  p.irameters:  ptisitive  predictive  value,  sen- 
sitivity, and  specificity.  RESULTS:  Of  6.184 
patients  studied,  the  trachea  proved  difficult  to 
intubate  in  82  ( 1.3'^J ).  Positive  predictive  value 
(31%)  and  specificity  (98.4%  I  w  ith  indirect  lar\  n- 
goscopy  were  greater  than  the  other  2  predictiv  e 
niethixls(p<  0.01),  whereas  sensitivity  with  indi- 
rect laryngoscopy  (69.2%)  was  greater  than  that 
of  the  Wilson  risk  sum  score  (55.4%)  (p  <  0.01 1. 
CONCLUSIONS:  Although  in  15%  of  patients 
indirect  laryngoscopy  could  not  be  performed 
because  of  excessive  gag  rellex.  indirect  laryn- 
goscopy can  serve  as  an  effective  method  to  pre- 
dict difficult  intubation. 


Hypoxic  Pulmonary  Vasoconstriction  in 
Human  Lungs:  .\  Stimulus-Response  Study — 

K  Hambraeus-Jonzon.  L  Bindslev.  AJ  Mellgard. 
G  Hedenstiema.  Anesthesiology  1997;86(2):308. 

BACKGROUND;  A  stimulus-response  relation 
between  alveolar  oxygen  tension  and  pulmonary 
vascular  resistance  has  been  observed  in  animals. 
This  study  investigated  this  relation  in  healthy 
human  lungs.  The  disUibution  of  pulmonary  blixxl 
flow  was  measured  during  unilateral  ( 1 )  graded 
hypoxia  (fracfional  concentration  of  oxygen  in 
inspired  gas  [F|0;]  =  0. 1 2. 0.08.  and  0.05)  and  con- 
tralateral hyperoxia  (Fio;  =  1.0;  n  =  6);  (2)  sin- 
gle-step hypoxia  (F|o:  =  0.05)  and  contralateral 
hyperoxia  ( n  =  5 );  and  ( 3 )  nomiobaric  hyperoxia 
and  contralateral  normoxia  (Fiq,  =  0.25;  n  =  6). 
METHODS;  Seventeen  patients  with  healthy  lungs 
were  studied  during  intravenous  anesthesia.  The 
lungs  were  separately  and  synchronously  venti- 
lated. The  relative  perfusion  of  each  lung  was  as- 
sessed by  the  inert  gas  (sulfurhexafluoride)  elim- 
ination technique.  RESULTS:  (I)  Unilateral 
graded  hypoxia  reduced  the  perfusion  of  the  hy- 
poxic lung  from  a  mean  (±SD)  of  52  (2)%  of  citr- 
diac  output  (Q)  during  bilateral  hyperoxia.  to  47 
(5)%  (p > 0.05).  40  (3)%  (p  < 0.01 ).  and  .30  (S)% 
(p  <  0.001 )  of  Q.  respecfively.  These  progressive 
reductions  in  the  perfusion  of  the  hypoxic  lung 
were  all  significantly  different  from  each  other. 
(2)  Unilateral  single-step  hypoxia  caused  a  blood 
flow  diversion  of  the  same  magnitude  as  w  hen  the 
lung  was  previously  ventilated  with  F]0;  of  0. 1 2 
and  0.08.  The  perfusion  of  the  hypoxic  lung  was 
reduced  from  46  (9)%  of  Q  (bilateral  hyperoxia). 
to  26(4)%  of  Q  (p  <0.()1 ).  (3)  Unilateral  hvper- 
o\i;i  did  not  significantls  change  the  relative  blocxi 
flow  distribution  between  the  2  lungs  or  the  pul- 
monary artery  pressure.  CONCLUSIONS;  A  stim- 
ulus-response relation  between  graded  hypoxia 
and  blood  flow  diversion  defines  hypoxic  pul- 
monary vasoconstriction  in  the  normal  human 
lung.  Hyperoxia  has  no  significant  effect  on  vas- 
cular resistance  in  the  normal  human  lung. 

Dilutitmal  .Acidosis:  Is  It  a  Real  Clinical  En- 
tity?—DD  Mathes.  RC  Morell.  MS  Rohr.  Anes- 
thesiology 1997;86(2):.50l. 

Dilutional  acidosis  occurs  as  a  result  of  rapid  extra- 
cellular volume  expansion  decreasing  the  mea- 
sured senim  bicarbonate.  Tliis  phenomenon  is  not 
well  described  in  the  literature.  Searching  the 
English  medical  literature,  we  found  only  1  case 
report  of  dilutional  acidosis  and  no  case  reports 
of  dilutional  acidosis  occurring  within  the  peri- 
operative period.  Several  authors  have  concluded 
Uiat  dilutional  acidosis  has  little  actual  clinical  sig- 
nificance because  of  cellular  buffering  in  which 
rapid  exffacellular  volume  expansion  causes  only 
minimal  changes  in  measured  exffacellular  bicar- 
bonate and  pH  levels.  We  report  a  case  of  dilu- 
tional acidosis  occurring  intraoperatively  as  a  direct 
result  of  giving  a  large  \  olume  of  isotonic  saline. 
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Think  noninvasive  ventilation. 
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Tloe  BiPAP  'S/T-D  30  System  with  Auto-Tmk  SensUivity''^ 
provides  a  logical  alternative  to  intubation.  * 

Consider  this:  The  BiPAl'  S/T-D  30  System  can  be  administered       "j 
quickly,  without  intubation,  on  a  wide  range  of  patients.  In  the        ■ 
acute  care  setting,  its  ideal  for  use  on  appropriate  patients  with 
acute  respiratoiy  failure  and  respiratoiy  insufficiency. 

Auto-Trak  Sensitivity  identifies  leaks  quickly  and  adjusts  sensitivity  i 
thresholds  automatically  in  response  to  changing  breathing  patteras 
and  circuit  conditions.  This  advanced  feature  increases  syncliiony 
between  patient  and  ventilator,  ensuring  optimum  response  witli 
eveiy  breath. 

So  the  next  time  you  need  a  proven,  effective  method  for 
administering  noninvasive  ventilation,  choose  the  BiPAP  S/T-D  30 
System  with  Auto-Trak  Sensitivity.  It  just  makes  sense.  ■::,;,, 

For  additional  information  or  to  schedule  a  demonstration, 
call  us  at  1-800-345-6443  (in  North  America)  or  1412:733-020 
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Consensus  Conference  IV 


American  Respiratory 
Care  Foundation 


Consensus  Conference:  Noninvasive  Positive  Pressure  Ventilation 


Preamble 


Objectives 


The  Consensus  Conference  on  Noninvasive  Positive  Pres- 
sure Ventilation  (NPPV)  was  convened  on  October  4-6,  1996, 
by  the  American  Association  for  Respiratory  Ciu'e,  the  Amer- 
ican Respiratory  Care  Foundation,  and  RESPIRATORY  Care 
Journal  to  address  (1 )  the  terminology  of  NPPV,  (2)  the  clin- 
ical situations  in  which  the  use  of  NPPV  may  be  appropri- 
ate, (3)  desirable  design  and  performance  characteristics  of 
devices  for  delivering  NPPV,  (4)  important  aspects  of  the  clin- 
ical application  of  this  form  of  ventilatory  support,  and  (5) 
the  aspects  about  which  further  study  would  be  most  useful. 

The  conveners  believe  that  a  consensus  conference  on 
NPPV  was  needed  because  of  ( 1 )  the  rapid  increase  in  both 
published  experience  and  the  clinical  use  of  NPPV  in  the  last 
several  years,  and  (2)  the  confusion  that  has  resulted  from  in- 
consistent terminokigy,  applications  for  different  patient  di- 
agnoses, diverse  clinical  settings,  and  the  use  of  different  de- 
vices and  ventilation  techniques. 

NPPV  was  defined  as  the  application  of  positive  pres- 
sure via  the  upper  respiratory  tract  for  the  purpose  of  aug- 
menting; alveolar  ventilation.  The  following  aspects  were 
not  addressed  Npecifically  at  the  Conference  and  do  not  ap- 
pear in  this  consensus  document:  ( 1 )  application  of  positive 
pressure  to  areas  of  the  body  other  than  the  upper  respirato- 
ry tract,  as  with  intermittent  abdominal  pressure  xentilation: 
(2)  application  of  positive  pressure  ventilation  via  an  endo- 
tracheal or  tracheostomy  tube:  (3)  continuous  positive  airway 
pressure  (CP.AP)  without  additional  inspiratory  assistance; 
(4)  intermittent  positive  pressure  breathing  (IPPB)  given  for 
the  purpose  of  preventing  or  treating  atelectasis  in  sponta- 
neoush  breathing  patients  or  for  aerosol  delivei^:  and  (5)  neg- 
ative pressure  ventilation. 

Presenters 

Eleven  presenters  were  selected  by  the  Conference  Chair- 
men based  on  their  interest  and  expertise  in  NPPV.  Additional 
discussants  were  nommated  by  Conference  sponsors. 


Evidence 

At  the  Conference,  formal  presentations  on  different  as- 
pects of  NPPV  by  the  invited  speakers  were  given  and  appear 
in  the  April  1997  issue  of  RESPIRATORY  CARE  [RespirCare 
1997:42(4)]. 

Consensus  Process 

Prior  to  the  Conference,  an  outline  of  the  Conference  goals 
was  prepared  by  the  co-chairs  and  circulated  to  the  partici- 
pants. Strength  of  evidence  was  judged  using  an  established 
schema  (Table  1 ).  Following  presentations  and  discussion, 
the  Writing  Committee  met  on-site  and  prepared  lui  initial  Con- 
sensus Statement  based  on  the  presentations  and  discussion. 
The  Statement  was  presented  to  all  participants  for  discus- 
sion and  suggested  revision  on  the  last  morning  of  the  Con- 
ference. A  revised  draft  was  then  piepaied  by  tlie  Wnting  Com- 
mittee and  circulated  to  all  participants  prior  to  final  editing 
and  publication.  Unless  otherw  ise  noted,  statements  and  rec- 
ommendations represent  unanimous  agreement. 

Tabic  1 .      Levels  of  Evidence  for  Evaluating  NPPV* 


Level  I:  Randomi/ed  controlled  trials  (RCTs)  with  low  false-positive  and 

false-negative  errors 
Level  II:  RCTs  with  high  false-positive  and  false-negative  errors 
Level  III:  Nonrandomized,  concurrent-cohort  comparisons 
Level  IV:  Nonrandomized,  historical-cohort  comparisons 
Level  V;  Case  series  w  ithout  control  subjects 


•Adapted  from  the  Amcncan  College  of  Chesi  Physicians  project  on  "evidence- 
based  medicine."  (Cook  DJ  et  al.  Chest  1992;102:305S-.11  IS) 


Recommendations 

After  weighing  the  evidence,  recommendations  were  made 
reg;irding:  ( 1 )  patient  populations  and  clinical  settings.  (2)  char- 
acteristics of  NPPV  devices.  (3)  the  NPPV  ventilator  ap- 
proaches and  techniques,  and  (4)  the  NPPV  ventilator-patient 
interfaces  employed. 
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Consensus  Conference 


Consensus  Statement:  Noninvasive  Positive  Pressure  Ventilation 


I.  Terminology  for  NPPV 

Considerable  confusion  can  result  from  tfie  use  of  imprecise 
terminology.  In  the  NPPV  literature,  contradictory  and  am- 
biguous terms  and  abbreviations  abound.  Conference  par- 
ticipants defined  terms  for  use  in  discussing  NPPV,  making 
them  consistent  to  the  extent  possible  with  the  ARCF-AARC 
Consensus  Statement  on  the  Essentials  of  Mechanical  Ven- 
tilators [RespirCare  1992:37(9):  1000-1008J. 

Inspiratory  Pressure.  Positive  airway  pressure  applied  dur- 
ing inspiration.  During  volume-targeted  ventilation,  this  pres- 
sure is  a  consequence  of  the  set  tidal  volume  and  lung  me- 
chanics. During  pressure-targeted  ventilation,  the  level  is  clin- 
ician set.  In  some  pressure-targeted  devices,  this  setting  is  the 
absolute  inspiratory  pressuiie  (ie.  expiratory  pressure  is  included, 
so-called  "inspiratory  positive  airway  pressure."  or  IPAP). 
whereas  in  other  pressure-targeted  devices  this  setting  is  the 
inspiratory  pressure  above  expiratory  pressure.  The  meaning 
of  inspiratory  pressure  must  be  specified  for  each  device. 

Expiratory  Pressure.  Airway  pressure  during  expiration. 
When  this  pressure  is  above  atmospheric,  it  is  termed  posi- 
tive end-expiratory  pressure,  or  PEEP.  This  is  synonymous 
with  expiratory  positive  airway  pressure,  or  EPAP. 

NPPV-Delivered  Breaths.  Tidal  breaths  delivered  by  NPPV 
can  be  described  by  what  triggers  the  breath  (the  trigger  vari- 
able), what  governs  gas  flow  (the  limit  variable),  and  what 
terminates  the  breath  (the  cycle  variable). 
Commonly  used  breath  types  are: 

•  patient-triggered,  pressure-limited,  flow-cycled  ('pres- 
sure support') 

•  patient-triggered,  pressure-limited,  time-cycled  ( "pres- 
sure-assist") 

•  machine-triggered,  pressure-limited,  time-cycled  ("pres- 
sure control") 

•  patient-triggered,  tlow-limited,  volume-cycled  ('volume- 
assist") 

•  machine-triggered,  tlow-limited,  volume-cycled  ('vol- 
ume control") 

All  of  these  breaths  can  be  used  with  or  without  expiratory 
pressure.  Strictly  speaking.  NPPV  with  PEEP  provides  'bi- 
level  positive  airway  pressure."  However,  this  term  is  some- 
times used  in  a  more  restricted  sense  to  describe  NPPV  that 
delivers  'pressure  support"  breaths  with  PEEP. 

Constant  (Continuous)  Positive  Airway  Pressure  (CPAP). 

Application  of  constant  positive  pressure  (ie,  above  atmospheric 
pressure)  throughout  the  ventilatory  cycle.  With  CPAP.  ma- 


chine-delivered inspiratory  pressure  =  expiratory  pressure: 
and.  thus,  no  inspiratory  assistance  is  provided. 

II.  Clinical  Issues 

Goals  for  NPPV.  Clinical  situations  in  which  NPPV  has  been 
evaluated  and  may  be  appropriate  extend  from  settings  in  which 
acute  resuscitative  support  is  provided  (ie.  emergency  room, 
intensive  care  unit,  and  postanesthesia  care  unit,  or  recovery 
room)  to  settings  in  which  patients  use  NPPV  as  a  long-term, 
regular  treatment  (ie,  in  an  extended  care  facility  or  in  the 
home).  In  these  various  settings,  NPPV  is  used  for  one  of  two 
different  treatment  goals:  ( 1 )  Type- 1  support,  the  application 
of  NPPV  in  a  condition  in  which  cessation  of  ventilatoiy  sup- 
port could  lead  to  imminent  death  and  (2)  Type-2  support,  the 
application  of  NPPV  in  a  condition  in  which  ventilatory  sup- 
port may  confer  clinical  benefit  (eg,  providing  ventilatory  mus- 
cle rest  or  lowering  PaCO:)  but  in  which  cessation  of  NPPV 
does  not  pose  an  immediate  life-threatening  risk.  Evidence 
exists  to  support  the  use  of  both  Type-1  and  Type-2  NPPV. 
This  evidence  is  briefly  reviewed  in  the  context  of  a  proposed 
schema  that  delineates  the  strength  of  the  clinical  evidence 
(Table  1 )  and  is  summarized  in  Table  2. 

Type-1  Ventilatory  Support  Applications.  In  the  setting  of 
acute  respiratory  failure,  patients  undergo  ventilation  to  treat 
life-threatening  hypoxemia  and/or  hypercapnia.  Although  the 
traditional  treatment  strategy  for  such  patients  has  been  to  per- 
fomi  endotracheal  intubation  and  initiate  positive  pressure  ven- 
tilation, recent  literature  contains  many  examples  in  which 
NPPV  has  been  applied  successfully  for  patients  with  hypoxic 
and/or  hypercapnic  respiratory  failure  (eg.  due  to  acute  ex- 
acerbations of  chronic  obstructive  pulmonary  disease,  or 
COPD:  pneumonia:  congestive  heart  failure:  asthma:  post- 
extubation  respiratory  failure:  cystic  fibrosis:  decompensa- 
tion in  neuromuscular  disease:  and  postoperative  respirato- 
ry failure).  Clinical  case  series  and  several  prospective,  ran- 
domized, controlled  clinical  trials  demonstrate  that  NPPV  can 
successfully  support  patients  with  acute  respiratoi^  failure  and 
avert  the  need  for  endotracheal  intubation  in  50  to  75%  of  can- 
didates. Evidence  is  particularly  strong  that  NPPV  may  be  suc- 
cessfully applied  in  patients  with  acute  exacerbations  of  COPD 
(Table  2).  Other  reported  outcomes  in  randomized,  controlled 
trials  have  included  lower  mortality  in  NPPV  subjects  and  short- 
ened length  of  hospital  stay  without  the  need  for  increased 
health  care  provider  attention. 

It  is  recognized  that  NPPV  is  currently  used  in  other  acute 
circumstances  (eg,  hypoxic  respiratory  failure  not  associat- 
ed with  hypercapnia)  but  available  evidence  is  less  solid  in 
establishing  efficacv  in  these  settings  (Table  2).  Selection  an. 
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Table  2.      Summary  of  Current  Conclusions  Regarding  the  Use  of  NPPV  and  Types  of  Supportive  Evidence* 


Underlying  Disease 


For  Type- 1  Support'       Level  of  Evidence 


For  Type-2  Support* 


Level  of  Evidence 


Aduli 
COPD 


Asthma 

Other  parenchymal  lung  disease 
Cardiogenic  pulmonary  edema 
Neuromuscular  &  chest-wall  disease 
Sleep-disordered  breathing 

Pediatric 

Parenchymal  lung  disease  (eg. 
acute  pneumonia  with  hypoxemia) 
Neuromuscular  and  chest-wall  disease 
Cystic  fibrosis 


Effective  to  avert  endotracheal 

1 

May  be  effective 

intubation 

May  decrease  mortality 

I 

May  shorten  length  of  stay 

I 

May  avert  endotracheal  intubation 

III 

May  be  effective 

II 

May  be  effective 

Effective' 

I 

— 

Effective 

in 

Effective 

May  be  effective 

May  be  effective 
May  be  effective 


V 
V 


May  be  effective 

May  be  effective 
May  be  effective 


I  (discordant 
results  of  RCTs) 


III 

CPAP  effective,  NPPV  may  be       II 
effective  if  CPAP  fails 


V 
V 


•Rules  of  evidence  adopted  from  Cook  DJ.  Guyatl  GH,  Laupacis  A.  Sacketl  DL.  Chest  1992;  102(4)  (suppl):305S-3l  iS 

tType-1  support  =  support  for  a  condition  in  which  cessation  of  ventilation  could  lead  to  imminent  death;  Type-2  support  -  support  for  a  condition  in  which  support  may 

confer  clinical  benefit  but  cessation  is  not  life  threatening, 

t  Although  Pjco:  was  reduced  by  NPPV.  a  recent  study  shows  an  increase  in  the  extension  of  myocardial  infarction  in  the  treated  group. 


exclusion  criteria  in  patients  in  acute  respiratory  failure  need- 
ing Type-1  support  are  listed  in  Table  3. 

Once  NPPV  has  been  initiated,  close  observation  is  re- 
quired to  assess  efficacy.  Rapid  improvement  (ie,  within  1 
to  2  hours)  in  patient  comfort  (ie,  reduced  dyspnea,  decreased 
respiratory  rate,  decreased  use  of  accessory  muscles,  and/or 
synchronization  with  NPPV)  and  improvement  of  Paco:  and 
respiratory  acidosis  indicate  success.  Criteria  for  stopping 
attempts  at  NPPV  and  instituting  alternative  therapies  in- 


clude worsened  encephalopathy  or  agitation,  inability  to  clear 
secretions,  inability  to  accept  any  of  the  interfaces  tried, 
hemodynamic  instability,  or  worsened  oxygenation.  Pulse 
oximetry  and  clinical  assessment  may  indicate  effective 
NPPV  even  if  an  elevated  Paco;  does  not  fall.  However,  pro- 
gressive hypercapnia  in  the  face  of  NPPV  indicates  failure. 
While  not  contraindications  to  a  trial  of  NPPV  for  Type- 
1  support,  clinical  features  predicting  lower  likelihood  of 
NPPV   success   include   more   severe   illness  (eg,  high 


Table  3.      Selection  and  Exclusion  Cnteria  for  Candidates  for  Type- 1  NPPV 


Selection  Criteria 

(at  least  2  should  be  present) 


Exclusion  Criteria 
(any  may  be  present) 


Absolute 

Respiratory  distress  with  moderate-to-severe  dyspnea,  use 
of  accessory  muscles  of  respiration,  abdominal  paradox 
pH  <  7. .35  with  Paco:  >  4.')  ton- 
Respiratory  rate  >  25/min  (adults) 


Absolute 

Respiratory  arrest 

Cardiorespiratory  instability  (eg.  hypotension  with  impaired  perfusion,  serious 

dysrhythmia,  myocardial  infarction  with  pulmonary  edema*) 
Uncooperative  patient 

Recent  facial,  esophageal,  orgastnc  surgery 
Craniofacial  trauma  or  bums 
High  aspiration  risk  (inability  to  manage  secretions) 
Inability  to  protect  airway 
Fixed  anatomic  abnormalities  of  the  nasopharynx  (eg.  choanal  atresia,  severe 

laryngomalacia) 

Relative 

Extreme  anxiety 

Massive  obesity 

Copious  secretions 

Acute  respirator)'  distress  syndrome  (ARDS)  as  etiology  of  acute  respiratory  failure 


*Allhough  Pacch  was  reduced  by  NPPV,  a  recent  study  shows  an  increase  in  the  extension  of  myocardial  infarction  in  the  treated  group. 
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APACHE  score),  presence  of  pneumonia  or  excessive  se- 
cretions, or  a  large  mouth  leak. 

In  general,  NPPV  tor  acute  respiratory  failure  should  be 
used  in  a  setting  that  offers  close  monitoring  and  the  capa- 
bility to  initiate  alternative  support  (eg,  endotracheal  intu- 
bation and  other  acute  resuscitative  measures)  when  necessary. 
Unless  such  capabilities  exist  (as  in  a  dedicated  step-down 
unit  or  special  respiratory  ward),  an  ICU  or  emergency  room 
is  the  preferred  clinical  venue.  Nevertheless,  it  is  conceiv- 
able that  stable  patients  who  are  being  weaned  from  Level- 
1  NPPV  can  be  managed  on  a  general  care  hospital  floor.  Mon- 
itoring is  critical  under  these  circumstances  and  personnel 
well  trained  in  NPPV  techniques  must  be  present.  It  is  also 
conceivable  that  acute  respiratory  failure  may  develop  in  a 
patient  on  a  general  hospital  floor,  and  NPPV  may  need  to 
be  applied  while  transfer  to  an  ICU  or  other  special  care  unit 
is  being  arranged. 

NPPV  is  also  used  for  long-term  Type- 1  support  in  indi- 
viduals who  aie  not  acutely  ill.  Patients  receiving  chronic  Type- 
I  support  may  reside  in  extended  care  facilities  or,  under  spe- 
cial circumstances,  at  home.  In  specialized  units  dedicated 
to  care  of  patients  with  neuromusculai'  disease,  NPPV  has  been 
successfully  used  to  continue  ventilatory  support  as  patients 
with  tracheostomies  are  decannulated. 


non-continuously  (eg,  noctumally).  Available  reports  clear- 
ly show  that  NPPV  can  be  successfully  initiated  in  intensive 
care,  intemiediate  care  settings  (eg,  regular  nursing  wards  and 
subacute  care  facilities),  and  outpatient  settings. 

In  considering  NPPV  for  elective  care,  relative  contra- 
indications include  se\ere  upper  airway  dysfunction,  copi- 
ous secretions  that  cannot  be  cleared  by  spontaneous  or  as- 
sisted cough,  or  high  oxygen  requirements  (ie,  F102  ^  0.40). 
As  with  using  NPPV  in  Type- 1  support,  successful  use  re- 
quires a  cooperative  and  motivated  patient. 

Complications  Associated  with  NPPV.  Complications  as- 
sociated with  the  use  of  NPPV  include  leaks  that  compromise 
ventilation,  mask  discomfort,  skin  breakdown,  eye  irritation, 
sinus  congestion,  oronasal  drying.  ;uid  patienl-\'entilator  dyssyn- 
chrony.  Gastiic  insufflation  is  common  although  rai'ely  of  clin- 
ical significance.  Lower  inflation  pressures  may  reduce  this, 
and  routine  nasogastric-tube  placement  is  not  necessary.  It 
is  important  to  assure  adequate  cough  and  secretion  clearance 
with  NPPV.  As  with  invasive  mechanical  ventilation,  NPPV 
can  impair  cardiac  filling  and  reduce  cardiac  output  and  blood 
pressure.  Pneumothoraces  and  pneumonias  also  occur  dur- 
ing NPPV  but  may  be  less  common  than  with  invasive  me- 
chanical ventilation. 


Type-2  Ventilatory  Support  Applications.  In  contrast  to  the 
use  of  NPPV  in  Type- 1  support  where  cuuent  recommen- 
dations favor  use  in  a  relatively  small  subset  of  patients  with 
acute  respiratory  failure  (Table  2)  and  in  closely  monitored 
settings,  the  use  of  NPPV  for  Type-2  support  has  been  de- 
.scribed  in  a  broader  range  of  clinical  conditions  and  a  wider 
array  of  clinical  settings.  For  patients  with  stable,  hypercapnic 
COPD,  4  controlled  trials  (as  of  early  1997)  have  studied  the 
efficacy  of  nocturnal  application  of  NPPV.  Of  these,  I  study 
suggests  benefit  (ie,  improved  daytime  gas  exchange,  enhanced 
quality  of  life  and  sleep  quality),  but  the  other  3  studies  fail 
to  show  these  benefits.  Thus,  the  role  of  nocturnal  NPPV  in 
this  setting  is  unclear  and  requires  further  study. 

Other  clinical  conditions  for  which  Type-2  NPPV  has  re- 
ported benefits  (although  witl:  generally  less  rigorous  evidence. 
Table  2)  include  progressive  respiratory  failure  accompanying 
neuromuscular  disease  (eg,  muscular  dystrophies,  post-polio 
syndrome,  multiple  sclerosis,  amyotrophic  lateral  sclerosis), 
and  chest-wall  deformity  (eg,  kyphoscoliosis,  post-thora- 
coplasty ).  Clinical  case  series  also  report  successful  use  in  pa- 
tients with  obesity  hypoventilation  and  idiopathic  hypo- 
ventilation. NPPV  has  been  reported  to  be  helpful  in  patients 
with  obstructive  sleep  apnea  who  do  not  tolerate  CPAP  alone, 
but  supportive  controlled  clinical  trials  are  lacking.  Other 
promising,  albeit  inadequately  studied,  clinical  settings  for 
use  of  NPPV  in  elective  care  include  suppoit  of  end-stage  cys- 
tic fibrosis  as  a  bridge  to  lung  transplantation.  Further  study 
of  these  applications  is  required  before  NPPV  can  be  endorsed. 

When  used  as  Type-2  support.  NPPV  is  usually  applied 


III.  Performance  Characteristics  for  NPPV  Devices 

Performance  characteristics  required  for  NPPV  devices  dif- 
fer depending  upon  the  clinical  situations  described  above. 
Performance  characteristics  under  Type- 1  and  Type-2  ven- 
tilatory support  conditions  for  which  consensus  was  reached 
are  given  in  Table  4. 

IV.  Aspects  of  NPPV  Application  That  Clinicians 
Should  Consider 

A.  Choice  of  Interface.  Either  a  nasal  mask  or  a  fuO  face  mask 
is  usually  used  for  NPPV  during  acute  respiratory  failure,  and 
published  studies  have  reported  success  with  both.  For  non- 
invasive ventilation  in  patients  with  chronic  ventilatory  fail- 
ure, mouthpiece  and  lip-seal  devices  have  also  been  used  suc- 
cessfully. No  comparison  of  success  rates  between  nasal  masks, 
full  face  masks,  and  other  devices  (eg,  mouthpiece)  has  been 
reported.  Mouthpieces  and  nasal  masks  facilitate  commu- 
nication and  secretion  clearance.  Full  face  masks  may  offer 
more  effective  ventilatory  support  for  acute  respiratory  fail- 
ure, although  there  is  no  published  experience  with  this  in  chil- 
dren (who  are  at  increased  risk  for  aspiration).  For  long-temi 
use.  patients  may  benefit  from  use  of  a  variety  of  interfaces 
that  can  be  alternated  between  daytime  and  nocmmal  use  and 
from  day  to  day.  For  example,  a  simple  mouthpiece  may  be 
kept  adjacent  to  the  mouth  for  easy  accessibility  during  the 
day,  with  a  lip  seal  added  for  nocturnal  use;  the  addition  of 
a  bite  plate  may  facilitate  the  use  of  an  oral  interface. 
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Table  4.      Minimum  Pcrlcirmance  CharacteiistiLS  lor  Ventilators  Used  for  Noninvasive  Positive  Pressure  Ventilation 


Type  I 


Type 


Ventilation  Capabilities 
Mandatory  rale 
Assist  eapabilities 

FlO: 

Inspiratory  pressures 
PEEP 

2-hour  battery  backup 
Pressure  relief 
Antiasphyxia  capabilities 
Airway  attachments 
Rebreathing  potential' 
Inspiratory  flow 
ASTM  circuit  (resisl/crimp) 
Humidilication 
Leak  tolerance 
Monitors/Alarms 
Pressure  monitor 
Volume  monitor 
High  pressure  alarm 
Disconnect  alarm 
Power  loss 
Battery  loss 


Yes,  to  30  breaths/mm 

Yes 

0.21-0.5* 

to  30  cm  H:Ot 

to  l5cmH:0* 

Optional 

Yes 

Yes 

Mask/mouthpiece 

Minimal 

60  L/min  at  20  cm  H2O 

Yes 

Optional 

Yes 

Optional 

Optional 

Optional 

Yes§ 

Yes§ 

Yes  (if  battery  present) 


Optional 

Yes 

0.21  (optional  up  to  0.40) 

to  30  cm  H:Ot 

Optional,  to  15  cm  HiO 

Optional 

Yes 

Yes 

Mask/mouthpiece 

Minimal 

60  L/min  at  20  cm  H:0 

Yes 

Optional 

Yes 

Optional 
Optional 
Optional 
Optional 
Optional 
Yes  (if  battery  present) 


*In  selected  patients  requiring  long-temi  Type- 1  support.  PEEP  and  F(0;  controls  may  not  be  necessary. 

tPatients  willi  severe  skeletal  delormilies.  severe  restriction  or  obesity,  or  those  subject  to  severe  bronchospasni  may  require  \  entiKitors  with  higher  pressure  or  volume 

capabilities. 

tCOi  rebrealhing  should  be  measured  by  the  manutacturer  and  reported  in  the  operators'  manual. 

§Some  chronic  ventilator-dependent  patients  can  sustain  ventilation  using  glossopharyngeal  breathings.  In  such  patients,  these  alarms  are  optional. 


B.  Choice  of  Ventilator.  The  ventilator  should  be  easily  trig- 
gered to  the  inspirajory  phase  and  easily  cycled  to  the  expi- 
ratory phase  and  should  provide  adequate  tlow  to  meet  pa- 
tient demand.  For  applications  in  acute  respiratory  failure,  it 
is  desirable  to  control  the  delivered  oxygen  traction  from  0.2 1 
to  0,5,  NPPV  can  be  applied  successfully  using  critical  care 
ventilators,  home  care  ventilators,  or  ventilators  specifical- 
ly designed  for  NPPV.  Table  4  provides  desirable  charac- 
teristics. 

C.  Choice  of  Ventilator  Mode.  NPPV  has  been  applied  suc- 
cessfully using  both  volume  and  pressure  ventilation.  Pres- 
sure modes  (pressure  assist,  pressure  suppoil,  or  pressure  con- 
trol) are  preferred  during  acute  respiratory  failure  because  tlow 
adjusts  to  meet  the  requirements  of  the  patient.  However,  vol- 
ume ventilation  may  be  prefeired  by  some  patients  vv  ith  neu- 
romuscular disease  who  sometimes  need  high  tidal  volumes 
lor  ventilation  and  coughing  and  for  raising  the  volume  of  the 
voice  during  long-term  use  of  NPPV, 

D.  Educational  Aspects.  The  success  of  NPPV  strongly  de- 
pends on  the  skills  of  personnel  caring  for  the  patient.  The 
goals  and  techniques  (both  cognitive  and  psychomotor)  of  ap- 
plying NPPV  must  be  thoroughly  understood  by  the  clinical 
team  including  respiratory  therapists,  nurses,  and  ph\  sicians. 


Training  should  include  indications  and  complications  of 
NPPV,  coaching  of  patients  to  improve  compliance,  choice 
of  appropriate  interface,  and  choice  of  ventilator  settings. 

E.  Application  of  NPPV.  For  initiation  of  NPPV: 

•  Choose  a  ventilator  capable  of  meeting  the  patient's  needs 
(usually  pressure  support  ventilation  or  pressure  assist/con- 
trol but  volume  assist/contrt)l  ventilation  for  selected  patients), 

•  Choose  the  appropriate  interface — face  mask,  nasal  mask, 
mouthpiece,  lip  .seal,  or  other  device;  take  care  not  to  use 
a  mask  that  is  too  large — smaller  is  usually  better, 

•  Explain  the  therapy  to  the  patient  and  provide  reassurance. 

•  Silence  ventilator  alarms  and  choose  low  settings  (eg, 
inspiratory  pressure  of  .5- 10  cm  HsO  and  PEEP  at  low- 
est setting). 

•  Initiate  NPPV  while  holding  the  mask  (or  other  interface) 
in  place:  determine  conecl  fit:  choose  alternate  interface 
as  necessary. 

•  Secure  interface  with  head  straps,  avoiding  an  excessively 
tight  fit  (small  leaks  are  acceptable).  Mouth  interfaces  are 
secured  with  a  bite  plate. 

•  Titrate  inspiratory  pressure  (or  volume)  to  patient  com- 
fort (eg.  reduced  use  of  accessory  muscles,  respiratory 
rate,  dyspnea). 

•  .After  assuring  adequate  ventilation,  titrate  oxygen  con- 
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centration  to  maintain  oxyhemoglobin  saturation  >  909^ 
as  indicated  hy  pulse  oximetry. 

•  Peak  pressures  >  25  cm  H2O  are  rarely  needed  witli  COPD; 
higher  pressures  may  be  safely  used  for  other  patient  groups 
(eg.  those  with  decreased  chest-wall  compliance). 

•  PEEP  may  be  titrated  to  5-10  cm  H2O  to  improve  oxy- 
genation or  triggering  (ie.  to  overcome  auto-PEEP). 

•  Continue  to  coach  and  reassure  the  patient;  make  adjust- 
ments to  improve  patient  acceptance:  type  and  fit  of  in- 
terface, ventilator  mode,  inspiratory  and  expiratory  pres- 
sure levels,  volume  versus  pressure  ventilation.  Fio:,  in- 
termittent versus  continuous  use. 

F.  Weaning.  For  patients  in  acute  respiratory  failure,  tech- 
niques for  weaning  from  NPPV  are  unclear.  Often,  patients 
request  time  off  NPPV.  If  the  requested  time  off  NPPV  is  well 
tolerated,  then  NPPV  is  often  not  restarted.  However.  NPPV 
should  be  re-established  if  the  patient  shows  signs  of  respi- 
ratory distress  when  the  mask  is  removed.  Tlie  period  of  Type- 
I  NPPV  for  patients  successfully  treated  is  often  short  (<  2 
days).  Until  tlie  patient  demonstrates  a  successful  trial  off  NPPV 
with  close  monitoring  for  signs  of  respiratoiy  distiess,  the  mask 
should  not  be  removed  for  diagnostic  testing  or  routine  nurs- 
ing care.  Such  interruptions  of  NPPV  may  lead  to  decom- 
pensation and  the  need  for  emergency  intubation. 

V.  Ethical  Issues  Related  to  Application  of  NPPV 

In  the  setting  of  acute  respiratory  failure,  the  availability  of 
NPPV  has  ethical  implications  regarding  the  inteipretation 
of  advance  directives  for  "do  not  intubate."  Because  NPPV 
can  provide  life  support  without  endotracheal  intubation,  health 
care  providers  must  acquire  a  detailed  understanding  of  what 
the  patient  means  by  "do  not  intubate."  It  is  imperative  to  rec- 
ognize the  distinction  between  patients  whose  "do  not  intu- 
bate" directives  indicate  an  absolute  aversion  to  endotracheal 


intubation  but  a  willingness  to  receive  noninvasive  ventila- 
tory support  (to  whom  NPPV  should  be  offered)  and  those 
patients  whose  "do  not  intubate"  directives  reflect  the  desire 
to  forego  all  acute  resuscitative  measures,  even  if  noninva- 
sively  applied  (in  whom  NPPV  can  be  ethically  deferred). 

VI.  Challenges  to  NPPV  Research 

Outcome  research  is  needed  to  determine  the  cost-effec- 
tiveness of  NPPV.  In  order  to  establish  that  NPPV  is  cost-ef- 
fective, it  must  be  shown  that  NPPV,  compared  to  standard 
therapy,  is; 

•  Better  and  less  costly,  or 

•  Equal  and  less  costly,  or 

•  Better  and  more  expensive  (but  worth  it). 
Challenges  in  performing  these  studies  include  the  need 

to  identify  appropriate  patients  (including  children  and  those 
suffering  from  conditions  other  than  COPD).  Moreover,  stud- 
ies must  demonstrate  effectiveness  (not  just  efficacy)  using 
appropriate  clinical  (not  just  physiologic)  relevant  outcomes 
(eg,  morbidity,  mortality,  length  of  stay,  ventilator-free  days.) 
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Introduction 

During  the  last  decade,  noninvasive  positive  pressure  ven- 
tilation (NPPV)  has  become  an  accepted  and  widely  used  ther- 
apy for  both  chronic  ventilatory  insufficiency  and  acute  ven- 
tilatory failure.  The  Consensus  Conference  that  gave  rise  to 
this  special  issue  of  RESPIRATORY  CARE  was  convened  to  clar- 
ify important  clinical  and  technical  issues  relating  to  NPPV 
and  to  establish  a  context  for  the  comprehensive  reviews  that 
comprise  the  bulk  of  the  issue' "  and  for  the  Consensus  State- 
ment developed  by  the  Conference  participants. '"  In  this  paper. 
I  review  the  history  of  this  form  of  assisted  ventilation,  point 
out  some  sources  of  confusion  in  tenninology  antl  other  asjX'cts 
of  the  literature  on  NPPV.  and  offer  suggestions  for  reduc- 
ing this  confusion  in  the  future. 

History  of  Noninvasive  Positive  Pressure  Ventilation 

In  theory,  ventilation  of  the  lungs  can  be  supported  in  a 
variety  of  ways.  Negative  pressure  can  be  generated  around 
the  lungs,  expanding  them  passively  as  in  nomial  spontaneous 
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breathing.  Gas  cati  be  forced  into  the  lungs  under  positive  pres- 
sure, either  by  an  external  source  or  by  the  patient's  glos- 
sopharyngeal muscles:  the  elastic  recoil  of  the  lungs  and  tho- 
rax then  return  the  lungs  to  functional  residual  capacity  when 
the  pressure  is  released.  Alternatively,  air  can  be  squeezed 
out  of  the  lungs  by  applying  positive  pressure  to  the  outside 
of  the  chest  wall,  with  functional  residual  capacity  restored 
by  the  elastic  recoil  of  the  chest  wall  when  the  pressure  is 
released.  Or.  the  paralyzed  diaphragm  can  be  made  to  move 
alternately  cephalad  and  caudad  by  repeatedly  tipping  the 
patient  first  head-down  and  then  semi-upright,  thus  ventilating 
the  lungs.  Each  of  these  strategies  for  atlificial  ventilation  can 
be  made  to  work,  and  has  been  applied  clinically  (Table  1 ). 
In  addition,  augtnentation  of  gas  exchange  has  been  achieved 
without  relying  primarily  on  ventilating  the  lungs  with  gas. 
as  shown  in  the  last  section  of  Table  I. 

In  the  second  half  of  the  twentieth  centurv'.  ventilatory'  sup- 
port has  been  mainly  via  intermittent  positive  pressure  ven- 
tilation (IPPV )  through  a  cuffed  endou-acheal  or  tracheostomy 
tube.  However,  particularly  since  the  mid-1980s,  noninva- 
sive ventilation  has  seen  increasing  application  in  both  acute 
and  long-tertn  settings,  for  reasons  discussed  later.  Negative 
pressure  ventilation  was  widely  used  from  the  time  of  the  great 
poliomyelitis  epidetnics  of  the  first  half  of  this  century  through 
the  1960s  when  better  endotracheal  tubes  and  positive  pres- 
sure ventilators  were  made  available."  '"*  Although  several 
types  of  negative  pressure  ventilators  retnain  available.'''  '■• 
and  their  use  in  acute  situations  has  seen  some  resurgence  in 
recent  years.-"  most  noninvasive  ventilatory  support  is  now 
canied  out  via  positive  pressure  and  a  variety  of  nasal,  oral, 
or  full-face  intert'aces.  and  it  is  on  this  manner  of  support  that 
this  review  is  focused. 
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Table  1 .      Possible  Ways  To  Support  or  Augmenl  Ventilation  and/or 
Gas  Exchange 

Move  gas  passi\el.v  into  lungs;  exhalation  passive 
Spontaneous  ( 'natural")  breathing 
External  negative  pressure  to  thorax  (cuirass) 
External  negative  pressure  to  whole  body  except  for  head  (iron  lung) 

Move  gas  actively  into  lungs:  exhalation  passive 

Intermittent  positive  pressure  ventilation  (breaths  mandatory, 
assisted,  supported,  or  spontaneous:  machine-  or  patient- 
triggered;  pressure-,  volume-  or  flow-limited;  machine-  or 
patient-cycled) 
Glossopharyngeal  breathing  (frog  breathing) 

Move  gas  actively  out  of  lungs;  inhalation  passive 

External  positive  pressure  to  abdomen  and  chest  (pneumobelt) 

Move  gas  passively  into  lungs:  exhalation  active 

Alternating  head-up  and  head-down  positions,  with  diaphragm 
motion  facilitated  by  shifting  abdominal  contents  (rocking  bed) 

Other  possibilities 

Alternating  compression/decompression  of  environment  Ibarospira- 

tor) 
Electrical  stimulation  of  phrenic  nerv  es  to  produce  diaphragm 

contraction  (electrophrenic  respiration) 
Gas  exchange  outside  body  via  blood  (extracorporeal  membrane 

oxygenation;  extracorporeal  carbon  dioxide  removal) 
Gas  exchange  inside  body  via  blood  (intravascular  oxygenator) 
Total  or  partial  ventilation  of  the  lungs  with  liquid  ( perfluorcarbon ) 


Use  of  NPPV  in  Resuscitation 

The  Bible  contains  at  least  two  passages  that  bring  NPPV 
to  mind: 

And  the  Lord  God  formed  man  of  the  dust  of  the  ground 
and  breathed  into  his  nostrils  the  breath  of  life.  (Gen- 
esis 2:7) 

And  he  [Elisha]  went  up.  and  lay  upon  the  child,  and 
put  his  mouth  upon  his  rnouth  and  the  flesh  of  the  child 
waxed  warm.  (II  Kings  4:34} 


Although  Vesalius,  Harvey,  and  others  had  previously  ven- 
tilated the  lungs  of  cadavers  and  dogs  by  means  of  reeds 
inserted  through  the  larynx  and  connected  to  a  chimney  bel- 
lows, successful  resuscitation  by  means  of  mouth-to-mouth 
ventilation  was  first  scientifically  documented  in  the  mid- 
1700s.''*-'  --  By  the  end  of  the  eighteenth  century,  societies 
promoting  the  use  of  resuscitation  had  been  formed  both  in 
the  U.S.  and  in  several  European  countries,  primarily  to  increase 
survival  after  near-drowning.  In  1780.  Chaussier  introduced 
the  first  bag-mask  apparatus  for  NPPV  as  a  substitute  for 
mouth-to-mouth  ventilation  during  resuscitation  (Fig.  1  ).-- 

In  the  latter  part  of  the  nineteenth  century,  physiologists 
employed  a  variety  of  bellows-operated  ventilators  to  ven- 
tilate animals  during  experiments,  most  comirtonly  via  a  tra- 
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Fig.  1.  Apparatus  for  manual  positive  pressure  ventilation  during 
resuscitation,  as  introduced  by  Chaussier  in  1780.  A  bag  made  of 
leather  or  an  animal  bladder  (A)  was  connected  by  means  of  a  tap 
(B)  to  a  leather  mask  (C).  Alternatively,  a  metal  tube  (D)  could  be 
extended  from  the  tap  into  the  victim's  nostril,  permitting  NPPV  via 
the  nasal  route,  (Reprinted  from  Reference  22,  with  permission.) 


cheostomy  tube,''*--  Dr  George  Fell,  of  Buffalo,  was  famil- 
iar with  this  use  and  adapted  it  for  human  application  in  1887, 
using  a  face  mask  or  nasal  tube  (Fig.  2).--  It  proved  to  be  a 
substantial  improvement  over  the  various  external  artificial 
respiration  methods  then  used  worldwide  for  attempted  resus- 
citation. Sub.sequently  modified  by  O'Dwyer-'  and  known 
as  the  Fell-0'Dwyer  apparatus,  this  system  becanie  widely 
used  in  thoracic  anesthesia,  permitting  continued  ventilation 
while  the  chest  was  open.-- 


Fig.  2.  The  original  Fell  apparatus  for  artificial  respiration  during 
thoracic  anesthesia,  as  introduced  in  1887.  A  constant  flow  of  air 
was  produced  by  the  bellows  (1),  and  the  anesthetist  operated  a 
"cornet  valve"  (2),  either  providing  positive  pressure  during  inspi- 
ration or  venting  it  into  the  room.  (Reprinted  from  Reference  22. 
with  permission.) 


Use  of  NPPV  in  Acute  Respiratory  Failure 

Piior  to  the  19.^0s.  developing  acute  respiratory  failure  meant 
certain  death.  There  was  no  practical  means  for  artificially 
ventilating  the  lungs  outside  the  operating  room.  The  fore- 
runner of  the  modern  iron  lung  had  been  devised  by  Drinker 
and  Shaw  in  1929,"  and  Emerson  had  shortly  thereafter  intro- 
duced a  modified,  more  practical  version,-""  but  these  did  not 
see  wide  application  until  1936.  In  that  year,  wide  puhlicit) 
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surrounded  the  successful  use  of  a  Drinker  iron  lung  to  sup- 
port a  patient  with  paralytic  poliomyelitis  during  and  after  trans- 
port from  China  to  the  U.S.--*  The  iron  lung  thus  marked  the 
beginning  of  clinically  practical  artificial  ventilatory  support 
(Table  2).  During  the  next  quarter  century,  many  thousands 
of  patients,  most  of  them  victims  of  polio,  were  successfully 
supported  by  means  of  tank  ventilators,  both  during  their  ini- 
tial acute  illness  and.  in  many  cases,  for  years  thereafter.  The 
iron  lung  became  a  part  of  our  culture:  I  remember  visiting, 
in  about  1960,  a  distant  relative  who  had  lived  at  home  in  one 
for  nearly  20  years. 


Table  2.      Historical  Factors  in  the  Use  of  Noninvasive  Ventilation  To 
Treat  Acute  Respiratory  Failure 

1 930s- 1950s— Polio  epidemics  in  U.S.  and  Europe;  successful  support  if 
no  underlying  pulmonarv  disease 

1960s — Widespread  use  of  intermittent  positive  pressure  breathing 

(IPPB).  including  application  in  acute  exacerbations  of  chronic 
obstructive  pulmonary  disease  (COPD) 

1960s- 1970s— Volume  ventilators:  improved  endotracheal  tube  design; 
availability  of  arterial  blood  gas  measurements;  appearance  of 
intensive  care  units 

1970s- 1980s — Increasing  awareness  of  complications  of  invasive  venti- 
lation 

19g0s — Increasing  experience  with  nonmvasive  ventilation  in  long-term 
settings  other  than  postpolio;  better  masks;  noninvasive 
ventilation  used  successfully  in  acute  exacerbations  of  COPD 

1990s — Increasing  use  world-wide;  application  in  new  clinical  settings 
and  diagnoses;  first  controlled  trials 


Prior  to  the  introduction  of  a  practical  tank  ventilator  and 
before  endotracheal  intubation  became  widely  available,  a 
unique  positive  pressure  device  dubbed  the  barospirator  was 
constructed  in  Sweden  by  Thunberg  and  subsequently  tested 
by  Enghoff. '-'■'■'  The  whole  patient  was  enclosed  in  a  rigid 
chamber,  in  which  the  pressure  was  alternately  compressed 
and  released.  As  long  as  the  patient's  glottis  was  open  and 
lung  volume  stayed  the  same,  the  number  of  gas  molecules 
in  the  lungs  would  increase  when  the  chamber  was  compressed. 
.An  increase  in  ambient  pressure  of  55  ton-  resulted  in  an  ex- 
haled tidal  volume  of  500  or  600  mL  w  hen  the  pressure  was 
released."-''  The  barospirator  could  actually  support  gas  ex- 
change in  the  absence  of  spontaneous  breathing,  as  documented 
in  a  series  of  10  patients  with  paralysis  following  infection 
or  drug  intoxication,  of  whom  2  survived.-" 

A  more  practical  approach  to  ventilatory  support,  one  sim- 
ilar to  the  intermittent  positive  pressure  ventilation  in  use 
today,  was  studied  extensively  by  Motley,  Werko,  Coumand. 
and  Richiirds  at  Bellevue  Hospital  in  the  mid  1940s.-'  These 
investigators  had  initially  become  interested  in  the  appli- 
cation of  expiratory  positive  airway  pressure  (EPAP)  and 
continuous  positive  airway  pressure  (CPAP)  via  a  rubber 
mask  in  high-altitude  a\  iation.  Thev  utilized  the  same  mask 


for  IPPV,  with  and  without  EPAP,  using  first  a  pneumatic 
balance  respirator  (Burns  model)  and  later  a  Bennett  X-2 
clinical  research  ventilator  (Fig.  3),-''  in  treating  a  variety 
of  acute  clinical  conditions. 


Fig.  3.  The  apparatus  used  by  Motley  and  associates  in  the  mid- 
1940s  to  deliver  intermittent  positive  pressure  ventilation,  with  or 
without  positive  end-expiratory  pressure,  to  patients  in  acute  respi- 
ratory failure.  A  corrugated  rubber  hose  (A)  connected  a  Bendix 
pressure  demand  regulator  (B)  to  a  Bennett  Clinical  Research 
Model  X-2  respirator  (C),  from  which  air  or  oxygen  was  delivered  to 
the  patient  by  means  of  a  Bennett  face  mask  (D)  (Repnnted  from 
Reference  23,  with  permission.) 


Motley  and  associates  treated  patients  with  acute  pulmonary' 
edema,  pneumonia.  Guillain-Barre  syndrome,  near-drown- 
ing, drug  overdose,  and  acute  asthma,  using  the  apparatus 
shown  in  Figure  3.--'  They  documented  the  deleterious  effects 
of  IPPV  on  cardiac  output,  and  several  of  their  recommen- 
dations astoundingly  presaged  current  practice; 

The  regulator  should  ha\'e  a  variable  line  pressure 
adjustment  between  0  and  .^0  cm  H2O.  and  a  high 
instantaneous  flow  rate  without  a  significant  drop  in 
line  pressure.-' 

In  addition.  Motley  et  al  concluded  that  mask  IPPV  was 
most  likely  to  succeed  when  the  acute  respirator)  failure  was 
of  acute  onset  and  short  duration  prior  to  therapy,  when  hemo- 
dynamic compromise  was  absent,  and  when  pneumonia  was 
absent.  These  statements  coincide  almost  identically  with  the 
recommendations  of  this  Consensus  Conference  50  \  eai-s  later.'^ 

IPPV  by  means  of  pressure-targeted  ventilators  and  rub- 
ber face  masks  similar  to  those  used  by  Motley  was  used 
throughout  the  1950s  and  1960s  to  treat  patients  with  acute 
respiratory  failure,  particularly  that  complicating  chronic 
obstructi\e  pulmonary  disease  (COPD)  and  asthma.  By  the 
end  of  the  1960s,  volume-targeted  ventilators  were  available, 
arterial  blood  gases  could  be  measured  clinically,  and  inten- 
sive care  units  were  being  set  up  in  many  hospitals. 
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Periodic  10-  to  20-minute  IPPV  treatments  (intermittent 
positi\e  pressure  breatliing.  IPPB)  had  meanwhile  become 
widespread  in  treating  chronic  lung  disease  and  for  deli\  er- 
ing  medications  to  the  airways.-'  Although  IPPB  was  often 
used  in  severe  exacerbations  of  COPD  or  asthma,  many  clin- 
icians frowned  upon  this,  and  IPPV  via  cuffed  endotracheal 
or  tracheostoni)  tubes  became  the  standard  of  care.  Despite 
documentation  of  a  high  incidence  of  complications  related 
to  inmbation.-'*-'^  prevailing  opinion  held  that  ventilatory  sup- 
port without  airway  control  was  unacceptable  because  of  the 
unpredictable  tidal  volumes  and  the  risk  of  aspiration. 

This  began  to  change  in  1989.  when  Meduri  and  colleagues 
reported  successful  management  of  8  of  10  patients  w  ith  acute 
respiratory  failure  (4/6  with  COPD.  2  with  congestive  heart 
failure,  and  2  with  pneumonia)  using  pressure  support  ven- 
tilation via  face  mask  (Fig.  4).*  Other  series  quickly  followed, 
illustrating  that  it  was  possible  to  ventilate  patients  nonin- 
vasively  during  acute  respirator}'  failure  of  a  \ariety  of  eti- 
ologies (Fig.  5).''  The  use  of  NPPV  appeared  especially  attrac- 
tive in  treating  acute  exacerbations  of  COPD.  and  success  was 
documented  w  ith  both  full  face  masks'- "  and  nasal  masks."^' ' 
using  both  pressure-  and  volume-targeted  IPPV.  Two  groups 
of  investigators  reported  the  successful  use  of  NPPV  as  a  bridge 
to  unassisted  ventilation  following  intubation  for  acute  res- 
piratory failure.'**''^ 
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Fig.  5.  Increasing  published  experience  with  noninvasive  positive 
pressure  ventilation  in  patients  with  acute  respiratory  failure,  1989- 
1994,  as  compiled  by  Sassoon.  The  majority  consisted  of  patients 
with  chronic  obstructive  pulmonary  disease  (COPD  =  □)  and 
patients  ventilated  postoperatively  (postop  =  □).  Other  Includes 
restrictive  thoracic  disease  (RTD  =  □),  congestive  heart  failure 
(CHF  =  ■),  restrictive  parenchymal  lung  disease  (RPD  =  ■). 
and  miscellaneous  conditions  (IVIISC  =  ■).  Numbers  above  bars 
indicate  total  number  of  patients  receiving  NPPV  in  each  year, 
(Reprinted  from  Reference  31 ,  with  permission.) 


Fig.  4.  Face  mask  ventilation  as  applied  by  IVIedun  and  associates 
at  the  University  of  Tennessee  in  1988.  (Reprinted  from  Reference 
30,  with  permission.) 


Several  authoritative  reviews  by  experienced  investiga- 
tors in  this  field  ha\e  concluded  that  NPPV  is  a  useful  and 
important  addition  to  management.*"''^  As  discussed  by  the 
participants  of  tlie  Consensus  Conference,  knowledgeable  care- 
givers and  careful  patient  selection  are  of  paramount  impor- 
tance, and  controlled  clinical  trials  are  still  needed  to  clarify 
several  aspects  of  this  therapy.'" 


Use  of  NPPV  in  Long-Term  Care 

Providing  ventilatory  support  for  weeks,  inonths.  and  e\  en 
years  to  persons  unable  to  breathe  on  their  own  became  pos- 
sible for  the  first  time  in  the  1930s  through  the  use  of  tank 
ventilators.  Although  the  iron  lung  remained  the  primary  means 
of  support  for  the  next  30  years,  several  adjuncti\e  techniques 
were  introduced  along  the  way  which  enabled  some  patients 
to  emerge  from  their  tanks  for  at  least  part  of  the  day.'-''-^-'*''*^ 
Tlie  rocking  bed.  which  shifts  the  abdominal  contents  cepha- 
lad  and  caudad  by  alternating  between  head-up  and  supine 
or  slightly  head-down  positions,  was  introduced  in  1932.-"" 
This  was  followed  in  1938  by  the  first  intermittent  abdom- 
inal pressure  ventilator,  which  forced  air  from  functional  resid- 
ual capacity  toward  residual  \  olume.  followed  by  inspiration 
as  the  elastic  recoil  of  the  chest  wall  returned  the  lung  to  its 
previous  volume. ■*'' 

In  New  York  in  the  late  1930s,  Barach-"^  modified  the  Thun- 
berg  barospirator.  which  Sahlin  and  others  in  Europe  had  used 
for  managing  acute  respiratory  failure.-"  Barach  constructed 
separate  chambers  for  the  head  and  for  the  rest  of  the  body 
in  w  hich  the  air  could  be  compressed  differentially.  He  called 
the  device  an  equalizing  alternating  pressure  chamber,  and 
he  attempted  to  rest  the  lungs  of  patients  with  tuberculosis 
through  its  use.  Although  he  managed  to  ventilate  5  patients 
for  an  av erage  of  1 2  hours/day  for  se\eral  months.-'^  damage 
to  their  eardrums  from  the  repeated  pressure  swings  was  a  major 
problem,  and  the  device  saw  little  use  thereafter, '- 
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Although  a  device  similar  to  the  chest  cuirass  was  described 
in  1904  for  use  in  resuscitation.'"  the  first  mass-produced  chest- 
shell  ventilators  were  not  introduced  until  1949.=  '  The  Tun- 
nicliffe  breathing  jacket,  a  wrap-  or  poncho-style  negative- 
pressure  ventilator,  which  operates  much  like  the  cuirass. 
followed  in  1955.'- 

In  about  1950.  Dail  and  associates  at  the  Rancho  Los  Ami- 
gos  Respiratory  Center  for  Poliomyelitis  in  Los  Angeles 
observed  that  one  of  their  patients,  when  out  of  his  iron  lung, 
breathed  "in  a  peculiar  manner,  using  his  mouth  and  throat 
in  what  at  first  appeared  to  be  a  swallowing  motion. "''  With 
the  maneuver,  this  patient  could  breathe  spontaneously  for 
many  hours;  otherwise  he  could  breathe  unassisted  for  only 
a  few  minutes.  Dail  et  al  called  this  patient's  spontaneously 
acquired  ventilation  technique  glossopharyngeal  breathing 
(GPB).'^'  Other  patients  learned  the  technique  spontaneously, 
and  in  1955  Dail  ct  al  reported  successfully  instmcting  another 
100  patients  in  its  use.'-'  One  patient,  wht)se  spontaneous  vital 
capacity  was  measured  at  390  mL.  was  able  to  achieve  an 
exhaled  vital  capacity  of  2.250  mL  using  GPB.'^ 

Glossopharyngeal  breathing,  also  called  gulping  or  frog 
breathing  (because  it  is  essentially  identical  to  the  manner  in 
which  frogs  and  other  amphibians  ventilate  their  lungs),  has 
since  been  used  by  thousands  of  ventilator-dependent  individuitls 
as  an  auxiliai7  means  of  ventilatory  support.  It  can  be  learned 
by  noninvasivcly  ventilated  patients  with  little  or  no  sponta- 
neous vital  capacity  and  can  be  effective  both  as  an  emergency 
measure  in  case  of  electrical  power  failure  and  as  a  means  of 
being  independent  of  mechanical  suppem  for  periods  of  up  to 
several  hours.'''  In  selected  circumstances,  it  may  also  be  pos- 
sible to  use  GPB  as  a  primary  form  of  ventilatory  support.  Bach 
et  al  presented  summiu-y  data  on  about  100  patients  who  were 
supported  either  totally  or  mainly  by  GPB,  with  or  without  the 
use  of  body  ventilators.''  This  technique  is  also  useful  as  an 
adjunct  in  coughing  and  secretion  clearance. -■*■■""' 

According  to  Bach,"'  NPPV  via  mouthpiece  (Fig.  6)  was 
first  used  at  Goldwater  Memorial  Hospital  in  New  York  in 
the  1950s.  Some  patients  who  were  totally  ventilator-depen- 
dent and  managed  in  tank  ventilators  were  able  to  use  NPPV 
by  means  of  a  mouthpiece  during  the  daytime.-''  In  1993,  Bach 
and  associates  reported  on  a  39-year  experience  with  long- 
term  ventilation,  during  which  time  257  patients  were  suc- 
cessfully supported  by  mouth  IPPV  either  alone  or  in  com- 
bination with  other  techniques.-"" 

Although  success  with  long-term  NPPV  had  been  achieved 
at  a  few  isolated  centers  of  unique  expertise  for  25  years, 
widespread  use  of  this  form  of  support  began  only  in  the  late 
1980s  (Table  3),  in  part  as  a  result  of  de\  elopments  in  the  treat- 
ment of  obstructive  sleep  apnea  (OSA).  The  first  successful 
use  of  nocturnal  CPAP  via  the  nose  in  patients  with  OSA  was 
reported  by  Sullivan  and  colleagues  in  Australia  in  1981,'** 
and  was  followed  2  years  later  by  similar  results  in  the  obe- 
sity-hypoventilation  syndrome.'*'  Na.sal  CPAP  rapidly  became 
not  onl\  a  v\  idely  used  therapy  but  also  a  burgeoning  indus- 


Fig.  6.  Positive  pressure  ventilation  via  mouthpiece.  This  patient 
with  Duchenne's  muscular  dystrophy  had  received  24-hour  nonin- 
vasive ventilatory  support  for  1 4  years  at  the  time  of  the  photograph, 
via  mouthpiece  while  awake  and  using  a  lipseal  retention  device 
during  sleep.  (Reprinted  from  Reference  56,  with  permission.) 


ir\ .  and  a  vaiiety  of  pressure  generators  and  patient  interfaces 
were  made  available  to  clinicians.  It  was  only  a  matter  of  time 
before  these  same  interfaces  were  put  to  use  in  NPPV. 

Table  3.      Historical  Haclors  in  Ihe  Long-Term  Application  of  Noninva- 
sive Ventilation 

1930s-^First  practical  tank  ventilators:  Drinker.  1929;  Emerson,  1931 

1940s — Negative  pressure  ventilation  with  tracheostomy  for  secretion 
management 

19.'i0s — Major  polio  epidemics:  thousands  of  patients  ventilated  long 
term  in  Europe  and  U.S. 

m(,()s — Positive  pressure  ventilation  via  tracheostomy  became  standard 
of  care.  A  few  centers  continued  totally  noninvasive  ventilation 
using  various  combinations  of  tank  ventilation,  mouthpiece 
NPPV.  intermittent  abdominal  pressure  ventilation,  and 
glossophary  ngeal  breathing.  Widespread  use  of  IPPB  in  patients' 
homes,  especially  in  U.S. 

1970s — Lightweight  portable  volume  ventilators  introduced;  improved 
mouthpieces  and  lip-seal  devices  became  available. 

19X0s— Nasal  mask  NPPV.  initially  with  custom-made  devices  and  then 
with  commercial  CPAP  masks:  successful  patient  experience 
reported  from  several  countries 

199()s— Proliferation  of  available  interfaces,  ventilators  for  NPPV,  clini- 
cians and  users;  application  in  increasing  numbers  of  disorders 
and  settings 


In  1987,  Sullivan's  group  reported  the  successful  use  of 
nocturnal  NPPV  via  a  nasal  mask  (Fig.  7)  in  managing  chronic 
ventilatory  insufficiency  in  3  patients  with  postinfection  mus- 
cle weakness  and  2  with  muscular  dystrophy*  and  in  a  child 
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with  nocturnal  hypoventilation."'  In  that  same  year.  Kerby 
et  al"-  published  their  experience  with  this  form  of  noctur- 
nal ventilation  in  3  patients  with  muscular  dystrophy,  1  with 
amyotrophic  lateral  sclerosis,  and  1  with  central  hypoven- 
tilation. Bach's  group  also  reported  successful  nasal  NPPV 
during  1987." 


Fig.  7.  Apparatus  for  nocturnal  nasal  mask  ventilation  In  patients 
with  chronic  ventilatory  insufficiency,  as  reported  in  1987  by  Ellis  et 
al.  (Reprinted  from  Reference  60,  with  permission.) 


The  following  year,  Ellis  et  al*^  demonstrated  successful 
use  of  nocturnal  nasal  NPPV  in  7  patients  with  chest-wall  defor- 
mity, and  investigators  in  England  reported  its  efficacy  in  6 
patients  with  chest-wall  deformity  and  4  with  COPD.*"'  Con- 
vincing evidence  of  the  beneficial  physiologic  and  clinical 
effects  that  could  be  achieved  with  nocturnal  nasal  NPPV  was 
soon  provided  by  Leger  and  associates  in  France,  who  doc- 
umented marked  improvement  in  chronic  hypoxemia  and 
hypercapnia  during  the  daytime  with  long-term  ventilation 
at  night  (Fig.  8)."" 

Since  the  appearance  of  these  initial  reports  in  the  "mod- 
ern era"  of  long-term  NPPV,  there  has  been  an  explosion  of 
interest  in  and  experience  with  this  therapy ,'*''^"^  and  sev- 
eral comprehensive  reviews  of  its  application  are  avail- 
able.-'''*-"''*^^ ^'^  There  are  now  numerous  choices  of  patient  inter- 
face,'•-•''•'^•^*  and  both  pressure  and  volume  ventilators  of 
manageable  size  and  acceptable  cost  for  home  use.'^  ■"*  Con- 
trolled trials  have  confirmed  the  value  of  long-term  NPPV, 
at  least  in  some  patient  populations.'"-'"'-^'''*' 

Reasons  for  the  Recent  Increase  in  Interest  in  NPPV 

Interest  in  NPPV  has  increased  dramatically  in  the  last 
decade,  and  both  interest  and  clinical  experience  continue  to 
grow.  Several  factors  have  contributed  to  this  growth  (Table 
4).  As  mentioned  earlier,  the  recognition  during  the  1970s  of 
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Fig,  8.  Effect  of  nocturnal  noninvasive  positive  pressure  ventilation 
(NPPV)  via  nasal  mask  on  artenal  blood  gas  tensions  in  17  pa- 
tients with  chronic  ventilatory  insufficiency,  as  reported  in  1989  by 
Leger  et  al.  PaO;  =  ••  Paco:  =  *  Point  -1  on  the  horizontal  axis 
represents  data  1  year  prior  to  the  start  of  nocturnal  ventilation; 
Point  0  indicates  the  deterioration  that  had  occurred  by  the  time 
NPPV  was  begun:  Point  -t^l  shows  blood  gas  values  obtained  while 
the  patients  breathed  room  air  spontaneously  following  1  year  of 
nocturnal  NPPV,  (Reprinted  from  Reference  66,  with  permission.) 


obstructive  sleep  apnea  and  reports  in  the  early  1980s  of  suc- 
cessful intervention  using  nocturnal  nasal  CPAP  led  to  the 
introduction  of  effective  nasal  masks  and  set  the  stage  for  con- 
venient, accessible  NPPV.  Introduction  and  subsequent  inter- 
national commercial  availability  of  the  portable  BiPAP  device 
(Respironics  Inc),  which  could  deliver  both  inspiratory  pres- 
sure support  and  CPAP,  enabled  many  clinicians  to  gain  expe- 
rience with  NPPV  as  an  elective  therapy. 

Table  4.      Some  Important  Reasons  for  the  Increased  Interest  in  Nonin- 
vasive Positive  Pressure  Ventilation  during  tfie  Last  Decade 
(1986-1996) 

•  Success  with  nasal  CPAP  in  obstructive  sleep  apnea 

•  Availability  of  better,  more  accessible  patient  interfaces 

•  Publication  of  reports  of  impressive  successes  in  a  few  centers  of 
e-xpertise 

•  Increased  appreciation  of  the  role  of  the  ventil.itor>  muscles  in  both 
acute  and  chronic  ventilatory  failure 

•  Desire  to  avoid  complications  of  intubation  and  tracheostomy 

•  Refusal  of  some  patients  to  be  intubated 


At  the  same  time,  greater  attention  became  focused  on  ven- 
tilatory muscle  function  as  an  important  determinant  of  vcn- 
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tilatory  insufficiency  and  acute  ventilatoi-y  failure  in  patients 
with  chronic  neuromuscular  and  niuscuioskeietal  disease. 
Reports  from  a  few  centers  of  unique  expertise  brought  to  wider 
attention  the  possibility  of  managing  even  totally  ventilator- 
dependent  individuals  without  tracheostomy. 

In  the  intensive  care  unit  (ICU),  the  desire  to  manage  patients 
in  acute  respiratory  failure  without  endotracheal  intubation 
grew  in  part  from  a  keener  appreciation  ot  the  frequency  and 
seriousness  of  complications  related  to  artificial  airways.-*-'" 
Particularly  in  the  case  of  COPD.  this  led  to  attempts  to  rest 
the  ventilatory  muscles  via  NPPV  through  nasal  or  full  face 
masks,  and  success  in  this  patient  population  was  followed 
by  use  of  NPPV  in  other  settings  of  acute  respiratory  failure. 

Management  of  patients  in  acute  respiratory  failure  with- 
out intubation  could  potentially  decrease  complications,  reduce 
monality.  and  shorten  ICU  and  hospital  stays.  Absence  of  the 
tube  could  also  diminish  patient  discomfort  and  make  man- 
agement easier  for  caregivers.  The  possibility  of  these  ben- 
efits, most  of  them  yet  unproved,  has  nonetheless  spurred  wider 
application  of  NPPV  in  acute  respiratory  failure. 

Another  reason  for  today's  increased  interest  in  NPPV  relates 
to  the  heightened  awareness  of  patient  preferences  and  focus 
on  'do  not  intubate'  orders.  Whether  in  refusing  intubation 
patients  are  indicating  a  wish  not  to  have  any  form  of  artifi- 
cial support  or  desiring  only  to  avoid  the  discomfort  and  loss 
of  control  associated  with  an  endotracheal  tube  needs  to  be 
clarified.  However,  although  these  and  other  ethical  implications 
of  the  use  of  NPPV  in  patients  who  refuse  intubation  remain 
unclear,  this  therapy  is  finding  greater  use  in  this  setting. 

Terminology  &  Classification  of  NPPV 

Current  interest  and  application  of  NPPV  are  the  product 
of  several  distinct  lineages.  Intensivists  have  taken  up  NPPV 
as  an  alternative  to  IPPV  via  endotracheal  tube  in  acutely  ill 
patients,  and  they  have  generally  used  the  ventilators,  modes, 
and  terminology  of  the  ICU.  For  many  of  these  ICU-based 
researchers,  the  context  for  NPPV  has  not  extended  beyond 
the  acute-care  setting.  On  the  other  hand,  rehabilitation  spe- 
cialists and  others  caring  for  patients  experiencing  the  post- 
poliomvelitis  syndrome  and  others  requiring  total  ventilatory 
support  have  looked  to  NPPV  as  a  means  for  achieving  greater 
independence  and  freedom  from  the  disatlvantages  of  both 
tracheostomy  and  the  iron  lung  in  their  daily  lives.  And,  clin- 
icians caring  long  term  for  ambulatory  patients  with  gradu- 
ally progressive  ventilatory  insufficiency  have  approached 
NPPV  as  an  elective,  part-time  therapy  to  rest  the  ventilatory 
muscles  and  slow  the  progression  of  disability.  It  should  not 
be  surprising  that  workers  in  these  distinctly  different  clin- 
ical settings  have  described,  approached,  and  thought  about 
NPPV  somewhat  differently. 

The  schematic  pressure  and  How  tracings  shown  in  Fig- 
ure ^)  are  those  generated  by  the  BiPAP  ventilator,  one  of  the 
most  vvidciv  used  devices  for  NPPV  both  in  and  out  of  the 


acute-care  hospital.  What  should  this  output  be  called'.'  Most 
clinicians  call  it  BiPAP.  but  it  has  been  my  experience  that 
the  manufacturer  insists  that  this  copyrighted  term  be  used 
only  to  describe  its  device  iind  not  a  ventilation  pattern  or  mode. 
What  should  the  same  pattern  be  called  when  it  is  generated 
by  a  different  ventilator,  of  which  several  are  now  available 
for  long-term  use?  I  have  heaid  it  refened  to  as  IPAP  and  EPAP 
(inspiratory  and  expiratory  positive  airway  pressure,  respec- 
tively); bilevel  positive  airway  pressure:  biphasic  positive  air- 
way pressure;  CPAP  with  inspiratory  assist;  and  pressure  sup- 
port with  PEEP.  Hess  and  Kacniarek^-  have  recently  dubbed 
it  "bilevel  pressure  assist."  Consensus  and  standardization 
would  help  all  clinicians  interested  in  NPPV  to  communicate 
more  clearly  with  one  another. 
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Fig.  9.  Tracings  of  pressure  and  flow  as  might  be  detected  at  the 
mouth  during  two  complete  breaths  with  inspiratory  positive  airway 
pressure  (IPAP)  =  15  cm  H2O  and  expiratory  positive  airway  pres- 
sure (EPAP)  =  5  cm  H2O.  Is  this  bilevel  positive  airway  pressure, 
bilevel  pressure-assist,  or  pressure  support  with  PEEP?  Or  should 
it  simply  be  called  IPAP  plus  EPAP''  Because  the  Respironics 
BiPAP  ventilator  produces  a  decelerating  inspiratory  flow  and  con- 
tinuous expiratory  flow,  as  shown  in  this  example,  and  may  be  the 
most  widely  used  home  device  that  does  so,  should  this  pattern  be 
referred  to  generically  as  BiPAP? 


Ventilators  and  their  functions  should  be  refened  to  by  the 
same  terms  and  definitions  regardless  of  their  site  and  cir- 
cumstances of  use,'^'  Fortunately,  standardized  tenns  and  def- 
initions are  available.  Developed  with  input  from  experts  in 
all  aspects  of  the  design  and  technical  application  of  positive 
pressure  ventilators,'''-"*'*  the  American  Association  for  Res- 
piratory Care's  Consensus  Conference  on  the  Essentials  of 
Mechanical  Ventilators'*'*  and  its  Consensus  Statement'"'  pro- 
vide concepts  and  definitions  that  are  applicable  to  devices 
used  for  NPPV.  Wider  adoption  of  the  terminology  and  usage 
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in  the  Consensus  Statement  would  greatly  aid  in  clarifying 
communication  about  NPPV. 

Clarifying  the  Issues 

Not  only  with  respect  to  terminology  has  the  burgeoning 
literature  on  NPPV  led  to  confusion,  and  although  the  latter 
has  not  been  so  profound  as  in  the  literature  on  weaning  from 
ventilatory  support,'"  the  same  potential  exists  for  misinter- 
pretation and  misapplication.  In  this  review,  I  have  traced  the 
history  of  NPPV  separately  for  acute  and  long-term  settings 
and  have  attempted  to  identify  the  diseases  and  clinical  sit- 
uations in  which  this  therapy  has  been  applied.  The  articles 
cited  have  amply  shown  that  NPPV  encounters  different  prob- 
lems and  has  varying  degrees  of  success  in  different  patient 
populations  and  clinical  settings.  Reports  of  reseaich  on  NPPV 
and  guidelines  for  its  application  should  specify  the  disease, 
the  acuteness  of  the  patient's  condition,  and  the  location  in 
which  NPPV  is  used  (Table  5).  Likewise,  details  of  the  ven- 
tilation approach  and  technique  should  be  provided,  as  should 
the  type  of  mask  or  other  patient  interface  used.  Tlie  Consensus 
Statement  that  accompanies  this  article'"  goes  a  long  way 
toward  this  goal  of  standardization  and  serves  as  an  exam- 
ple of  the  precise  and  rational  use  of  terminology  and  tech- 
niques relating  to  NPPV, 

Table  5.      Suggestions  for  Clarity  and  Avoidance  of  Confusion  in  Com- 
munication about  Noninvasive  Positive  Pressure  Ventilation 

Identify  the  patient  and  clinical  setting 
What  disease? 

Obstructive  vs  restrictive  vs  neuromuscular  vs  other 

Hypoxemia  vs  hypercapnia 

Parenchymal  lung  disease  vs  impaired  chest  bellows  function  vs 
central  drive  problem 
What  circumstances? 

Acute  respiratory  failure  vs  chronic  insulliciency 
What  location? 

Emergency  room  vs  intensive  care  unit  vs  ward  vs  home 

Describe  the  ventilation  approach  and  technique 

Continuous  or  intermittent'  (life  support  vs  elective  or  seini-elective 

therapy) 
Positive  pressure  on  inspiration,  expiration,  or  both? 
Pressure-  or  volume-targeted? 

Specify  the  ventilator-patient  interface 

Nasal  mask  vs  face  mask  vs  mouthpiece  vs  intra-oral  appliance 
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Introduction 

Noninvasive  positive  pressure  ventilation  (NPPV)  is  not 
a  new  concept.  Patients  have  been  receiving  ventilatory  assis- 
tance noninvasively  by  mask  since  the  late  1930s.'  and  reports 
of  patients  supported  noninvasively  by  mask  appear  in  the  lit- 
erature as  early  as  the  1970s.-  However,  the  use  of  NPPV  in 
the  intensive  care  unit  (ICU)  fell  into  disfavor  in  the  late  1970s 
because  of  the  poor  outcomes  associated  with  the  noninva- 
sive use  of  intermittent  positive  pressure  (IPPB)  devices  on 
a  continuous  basis,  the  refinement  of  volume  ventilators  and 
the  emphasis  on  the  use  of  volume  \  entilation  in  the  ICU.  and 
the  anti-IPPB  attitude  of  the  1970s  and  1980s.'-' 

As  discussed  in  other  papers  appearing  in  this  issue  of  RES- 
PIRATORY Care,"  '-  our  knowledge  of  how  to  apply  NPPV 


has  grown  tremendously  as  have  the  data  supporting  its  use 
in  acute  respiratory  failure." '**  In  particular,  based  on  the  abun- 
dance of  data  from  prospective  randomized  clinical  trials.""* 
the  use  of  NPPV  should  be  the  standard  of  care  in  COPD 
patients  presenting  in  an  acute  exacerbation  and  this  therapy 
should  be  available  to  all  COPD  patients  presenting  in  acute 
distress,  regardless  of  institution. 

My  objective  in  this  paper  is  to  discuss  the  functional  char- 
acteristics of  the  class  of  portable  pressure-targeted  \entila- 
tors  (PTVs)  that  have  been  designed  exclusively  for  use  with 
patients  requiring  NPPV.  In  addition.  I  discuss  the  limitations 
of  these  \entilators  and  define  what  I  consider  to  be  the  opti- 
mal portable  PTV  for  use  in  NPPV. 

General  Description 


Dr  Kacmarek  is  Associate  Professor,  Har\  arc!  Medical  School,  and  Direc- 
tor. Respiratory  Care  Services,  Massachusetts  General  Hospital.  Spaiild- 
ing  Rehabilitation  Hospital,  and  Shriners  Crippled  Children's  Hospital. 

A  version  of  this  paper  was  presented  by  Dr  Kacmarek  during  the  Con- 
sensus Conference  on  Noninvasive  Positive  Pressure  Ventilation  spon- 
sored by  the  American  Respiratory  Care  Foundation  and  held  in  Vail. 
Colorado.  October  4-6.  1996. 

The  author  has  no  financial  interest  in  any  of  the  products  discussed. 

Reprints  &  Correspondence;  Robert  M  Kacmarek.  Respiratory  Care  Ser- 
vices. Ellison  401.  5.'5  Fruit  St.  Boston  MA  021  14-2698. 


The  ventilators  classified  as  portable  PTV  include  BiPAP 
devices*  and  are  known  as  bi-level  CPAP  ventilators  or  bi- 
level-pressure  ventilators.-^'"-''  All  of  these  ventilators  are  com- 
pressor/blower dri\  en  and  electrically  powered,  and  almost 
all  of  the  currently  axailable  models  are  unable  to  accept  a 
high  pressure  (50  psi)  gas  source.--"^  As  a  result,  delivery  of 
high  (>  40%)  or  precise  oxygen  concentrations  is  impossi- 
ble. In  general,  these  devices  can  be  considered  continuous 


'Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 
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flow  ventilators  in  which  flow  deliven,'  is  based  on  the  set  pos- 
itive end-expiratory  pressure  (PEEP),  set  inspirator)'  pressure 
level,  and  patient  demand.  Most  use  a  single-circuit  gas  deliv- 
ery system  without  a  true  isolation  exhalation  valve.  This  can 
lead  to  rebreathing  of  exhaled  gas  as  I  discuss  later.---'-'' 

Modes  of  Ventilation 

Some  manufacturers  have  used  IPAP  (inspiratory  positive 
airway  pressure)  and  EPAP  (expiratory  positive  airway  pres- 
sure) to  define  the  approach  used  to  deliver  gas  (Fig.  1 )  with 
these  ventilators.  However,  all  of  the  models  currently  avail- 
able (1997)  deliver  either  pressure  support  or  pressure 
assist/control,  with  or  without  PEEP.  Many  also  can  provide 
CPAP  without  ventilatory  support.  During  CPAP,  a  few  devices 
have  time-delay  options  or  CPAP  'ramping"  options  (slow 
rise  in  CPAP  level  before  reaching  set  target).  Assist  (ie.  pres- 
sure support),  assist/control,  and  control  ventilation  are  avail- 
able on  various  current  devices  (Table  1 ).  In  addition,  some 
devices  allow  adjustment  of  the  inspiratory  and  expiraton,'  sen- 
sitivities. Others  allow  a  variation  in  the  time  required  for  inspi- 
ratory pressure  to  achieve  the  set  peak-airway  pressure  (ie. 
the  rise  time).  The  inspiratory  sensitivity  mechanism  in  most 
devices  is  flow  based.  The  few  models  with  expiratory  sen- 
sitivity allow  a  variation  in  end-inspiratory  flow  that  results 
in  cycling  to  expiration.  In  a  few  models,  inspiratory  time  can 
be  set  in  the  control  mode. 

Comparison  of  Characteristics 

Ability  To  Meet  Peal<  Inspiratory  Demand 

As  a  group,  the  portable  PTVs  are  capable  of  providing 
variable  and  high  initial  peak  flows.-"--*  Strumpf  et  al,-"  on 
a  lung  model  and  in  4  patients  who  had  been  receiving  noc- 
turnal ventilatory  assistance  with  volume-targeted,  portable 
ventilators  or  nasal  CPAP.  showed  that  the  BiPAP  ventila- 
tor was  able  to  deliver  high  peak  inspiratoi^  flow  (Fig.  2).  Flow 


Inspiration  Inspiration 

Expiration 


O  0 


CO 


B 


TIME 


Fig.  1.  A,  Continuous  expiratory  flow  and  decelerating  inspiratory 
flow  characteristic  of  portable  pressure-targeted  ventilators 
(PTVs).  The  level  of  end-inspiratory  flow  depends  on  the  mode  of 
ventilation,  total  system  peak  pressure,  and  patient  ventilatory  pat- 
tern. B.  Inspiratory  pressure  plateau  and  expiratory  PEEP  estab- 
lished with  portable  PTVs. 


peaked  rapidly  at  the  onset  of  inspiration  but  also  rapidly  decel- 
erated to  a  lower  end-inspiratoiy  level,  dependent  upon  com- 
pliance and  resistance  of  the  system.  As  with  all  pressure-tar- 
geted modes  of  ventilation,  tidal  volume  iWj)  increased  as 
inspiratory  pressure  target  and  inspiratory  time  increased  (Fig. 
3-°).  Extending  inspiratory  time  to  a  level  that  resulted  in  air 
trapping  decreased  volume  delivery.  They  also  showed  that 
in  2  of  the  patients  ventilated,  long-term,  nocturnal  use  of  the 
device  reduced  Paco;  by  15  and  20  torr.-' 

Lofaso  et  al"  in  a  1995  publication  compared  the  BiPAP 
\entilator  with  its  nomial  orificial  exhalation  port  to  the  BiPAP 
ventilator  with  a  nonrebreathing  isolation  valve  on  a  lung  model 
and  in  a  series  of  patients  who  were  being  maintained  in  the 
pressure  support  mode  on  a  variety  of  ICU  ventilators.  They 
noted  that  the  use  of  an  isolation  nonrebreathing  valve  to  pre- 


Table  1 .      Operational  Characteristics  of  Representative  Portable  Pressure-Targeted  Ventilators 


Inspiratoi-v 

Adjustable  Controls? 

Expiratory 

Rise 

Inspiratory 

Maximum  Inspiratory 

Ventilator 

*                    Modes 

Sensitivity 

Sensitivity 

Time 

Time 

Pressure  (cm  H:0) 

STD-20 

Assist,  assist/control,  control.  CPAP 

No 

No 

No 

Up  to  90% 

20 

STD-30 

Assist,  assist/control,  control.  CPAP 

No 

No 

No 

Up  to  90% 

30 

320 1/E 

Assist.  CPAP 

Yes 

Yes 

No 

No 

20 

PB335 

Assist,  assist/control,  control.  CPAP 

Yes 

Yes 

No 

No 

20 

O'NYX 

Assist,  assist/control 

Yes 

Yes 

No 

Up  to  80% 

40 

Ventil-H 

Assist,  assist/control/control.  CP.\P 

No 

No 

No 

Up  to  55% 

30 

VPAP 

Assist.  CPAP 

No 

No 

No 

No 

20 

Quantum 

Assist,  assist/control,  control,  CPAP 

Yes 

No 

Yes 

No 

20 

DP-90 

Assist.  CPAP 

No 
t. 

No 

No 

No 

No 

"Suppliers  identified  in  Product  Sources  section  at  end  of  lex 
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Fig.  2.  Simultaneous  inspiratory  flow,  intrapulmonary  pressure,  and  lung  volume  across  a  range  of  compliances  in  a  lung  model.  Rate  is  20/ 
min;  PEEP  5  cm  HjG;  %  inspiratory  time  40%;  and  aira/ay  resistance  4.6  cm  H2O  s  L  '.  (Reprinted  from  Reference  19,  with  permission. )--° 


1800 


1200- 


600 


1  a  3  4  5 

Absolute  Inspiratory  Duration  (s) 

Fig.  3.  Tidal  volumes  from  a  lung  model  at  inspiratory  times  of 
increasing  length)  at  various  pressure  control  levels.  ♦  =  15  cm 
HjO,  ■  =  10  cm  H2O,  A  =  5  cm  H20,  •  =  2  cm  H2O.  PEEP  is  5  cm 
H2O,  lung  compliance  0.1  L/cm  H2O  and  ainway  resistance  4.6  cm 
H20  s   L'.  (Reprinted  from  Reference  20,  with  permission.) 


vent  the  rebreathing  of  CO:  decreased  the  speed  with  which 
peak  flow  was  achieved  in  theii'  lung  model  (Fig.  4)  and 
increased  PEEP,  insulting  in  a  decrea.sed  Vj.  In  patients.  BiPAP 
with  the  nonrebieathing  isolation  valve  resulted  in  work-of- 
breathiiig  (WOB)  and  blood-gas  values  equivalent  to  those 
observed  with  the  ICU  volume  ventilators  that  maintained  these 
patients.  However,  use  of  the  BiPAP  ventilator  v\ith  its  stan- 


dard orificial  exhalation  port  also  maintained  the  same  arte- 
rial blood  gas  values  but  resulted  in  a  50%  increase  in  the  WOB 
and  increases  in  minute  ventilation  and  breathing  frequency. 
In  all  comparisons.  PEEP  was  set  at  zero  or  minimum  on  each 
ventilator.  The  greater  WOB  with  the  standard  BiPAP  setup 
was  attributed  to  the  rebreathing  of  COt. 

In  a  subsequent  compaiison,  Lofa.so  et  al-'  compared  a  series 
of  portable  PTVs  to  an  ICU  pressure  support  ventilator,  the 
ARM-25.  using  a  lung  model.  Of  the  6  portable  PTV  systems 
evaluated,  3  weie  capable  of  matching  the  peak  flow  of  the 
ARM-25  ventilator.  However,  the  ARM-25  ventilator's  abil- 
ity to  accelerate  flow  exceeded  that  of  all  other  devices  tested 
(Table  2),  but  the  work  peiformed  on  the  lung  model  by  most 
of  the  ventilators  evaluated  was  similar  to  that  performed  by 
the  ARM-25. 

Our  group,  led  by  Bunburaphong.-^  recently  compaied  9 
portable  PTV  to  the  Nellcor  Puritan  Bennett  72(X)ae  adult  crit- 
ical care  ventilator  using  a  lung  model.  We  found  that  the  peak 
flow  delivered  by  all  portable  F*TV  equaled  or  exceeded  that 
of  the  7200ae  (Table  3)  and  that  all  but  2  of  the  9  portable  PTV 
achieved  a  more  ideal  airway-pressure  profile  during  inspi- 
ration than  did  the  72(K)ae.  The  actual  inspirator)'  airway-pres- 
sure profile,  as  shown  in  Figure  5.  was  compared  to  a  perfect 
icctangle  beginning  at  the  onset  of  inspiratoiA'  effort  with  pres- 
sure instantaneously  achieving  the  target  set.  Profiles  achieved 
with  each  ventilator  were  expressed  as  a  percentage  of  the  area 
of  the  ideal  profile  (.^rea  I  %). 
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Fig.  4.  Pressure-volume  curves  from  the 
BiPAP  A.  with  whisper  swivel  (BIPAP-uc)  and 
B.  with  nonrebreathing  valve  (BiPAP-NRV) 
during  a  lung  model  'breath.'  PEEP  was 
higher  and  Inspiratory  flow  took  longer  to  peak 
with  the  BIPAP-NRV.  Consequently,  tidal  vol- 
ume was  slightly  lower  with  the  BIPAP-NRV 
than  with  the  BIPAP-uc.  (Reprinted  from  Ref- 
erence 22,  with  permission.) 


Pressure  (cm  H2O) 


Pressure  (cm  H20) 


Table  2.      Performance  Characteristics  of  Representative  Portable  Pressure-Targeted  Ventilators'* 


Variable 


arm:? 


O'NYX 


Vential 


BiPAP-NVR         BiPAP-WS 


Ventil-i-         Companion  320 


%  work  performed  by 

ventilator  during 

inspiration 
Flow  acceleration  up  to 

85%ofpeak(Ls  s-') 
Pressure-time  product 

(cm  H:0  s)* 
E.xpiratory  work  imposed 

on  lung  model  (J/L) 


87.2(1.7) 


81.5(1.5)-' 


89.9(3.1) 


82.7(1.1) 


79.6(1.0)* 


82.4(1.2)* 


86.5(1.7) 


13.5(0.3)  12.7(0.3)*  5.0(0.7)*  6.8(0.3)=  6.5(0.9)=  3.9(0.2)*  11.8(1.2)* 

0.050(0.0004)       0.046(0.008)     0.137(0.017)'      0.163(0.008)*     0.076(0.003)*      0.129(0.009)*     0.070  (0.(»8)* 

0.08(0.00)  0.16(0.00)*         0.05(0.00)*  0.21  (O.OO)'  0.12(0.00)*  0.04(0.00)*         0.10(0.00)* 


^Modified  from  Reference  23. 

'  All  values  are  mean  (SD).  Inspiratory  pressure  sel  at  10  cm  H2O,  expiratory  pressure  at  minimum. 

'  p  <  0.05  compared  to  ARM  25. 

^At  beginning  of  inspiration  when  airway  pressure  is  below  PEEP. 


Table  3.      Inspiratory  and  Expiratory  Trigger  Capabilities  and  Peak  Flows  of  Portable  Pressure-Targeted  Ventilators* 


Ventilator  Assessed 

Assessed  Variable 

STD-20 

STD-30 

320  I/E 

335 

O'NYX 

VPAP 

Ventil-l- 

Quantum 

DP-90 

7200ae 

D-1  (ms) 

97(15)' 

93(10)' 

90(10)* 

108(11)' 

107(106)' 

271  (61)' 

180(13) 

180(45) 

146  (47) 

162(81) 

P-I  (cm  H:0) 

1.6(0.6)' 

1.4(0.5)' 

1.1  (0.4)' 

1.6(0.6)' 

1.7(0.7)' 

1.5(0.7)' 

2.5  (0.7)' 

2.1  (0.9)* 

1.3(0.5)* 

3.6(1.8) 

D-E(ms) 

104(99) 

77(8)* 

69(9)' 

9(107)* 

25(191)' 

449(251)* 

91  (62) 

22(109)* 

332(263)* 

174(93) 

P-E  (cm  H:0) 

3.3(1.4)* 

2.8(1.1)' 

2.3(0.9)' 

3.1(1.5)' 

5.5(2.3) 

3.7(1.5)' 

4.0(1.5)' 

4.6(2.0) 

4.0(1.8) 

5.3(2.3) 

Area- 1  % 

73(5)* 

83  ( 1 )' 

82(2)' 

75  (4)' 

65(18)' 

41  (9)' 

64(4)' 

51  (9) 

62(10)' 

55(15) 

Peak  Flow  (L/min) 

76(21)^ 

82(23)' 

80(21)' 

79(23)' 

68(18) 

60(17) 

89(19)' 

63(20) 

67(17) 

65(18) 

^Modified  from  Relerence  24.  Suppliers  identified  in  Product  Sources  section  at  end  of  text. 

D-1  -  time  between  initiation  of  inspiratory  effort  and  the  increase  in  pressure  above  baseline;  P-I  =  decrease  in  pressure  from  baseline  (ie.  below  baseline)  during  the  trigger- 
ing phase;  D-E  =  time  delay  from  the  onset  of  expiration  until  airuay  pressure  falls  below  baseline;  P-E  =  increase  in  pressure  above  set  pressure  level  at  end  inspiration; 
Area-l'7f  =  actual  compared  to  ideal  area  of  inspiratory  pressure  curve. 
tP<0.05vs7200ae. 


In  general,  once  triggered,  most  currently  available  portable 
PTV  either  equal  or  exceed  the  flow  delivery  capabilities  of 
ICU  ventilators.  As  was  first  discussed  by  Maiini  et  al  in  1 986,-^ 
initial  peak  flow  capabilities  determine  the  ability  of  venti- 
lators to  meet  the  ventilatory  demand  of  patients.  Over  all, 
pressure-targeted  modes  of  ventilation  are  better  suited  to  meet- 


ing patient  demand  than  are  volume-targeted  modes  because 
of  their  ability  to  vary  flow  delivery  based  on  inspiratory  pres- 
sure settings  and  patient  demand. -'^  It  seems  clear,  based  on 
the  cunentiy  available  literature,  that  portable  PTVs  compare 
well  with  standard  ICU  ventilators  in  meeting  the  ventilation 
demands  of  patients.-"-'' 
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Fig.  5  The  variables  used  to  evaluate  ttie  function  of  9  portable 
pressure-targeted  ventilators  and  the  7200ae  ventilator:  Bl,  begin- 
ning of  inspiration;  El,  end  of  inspiration;  T|,  inspiratory  time;  D-l, 
Inspiratory  delay  time:  P-l,  inspiratory  trigger  pressure;  Area  I, 
inspiratory  area;  D-E.  expiratory  delay  time;  P-E,  supraplateau 
expiratory  pressure  change;  Area  E,  expiratory  area:  PIP,  peal< 
Inspiratory  pressure:  PEEP,  positive  end-expiratory  pressure:  Ppl, 
simulated  pleural  pressure;  Paw.  airway  opening  pressure. 
(Reprinted  from  Reference  24,  with  permission.) 


and  the  ARM  25.  Lofaso  et  al-'  reported  the  inspiratory  trig- 
ger pressure-time  product  based  on  the  P-l  and  D-I  during 
triggering  in  a  lung  model  evaluation.  They  found  that  the 
Pieire  Medical  0"NYX  was  the  only  device  that  performed 
as  well  as  the  ARM  25  and  that  for  some  ventilators  the  pres- 
sure-time product  was  up  to  300%  greater  than  in  the  ARM 
25  (Table  2). 

Our  recent  study-""  of  9  portable  PTVs  compared  to  the 
7200ae.  the  STD30.  320  I/E.  O'NYX.  335.  and  the  STD  20 
demonsU'ated  a  shorter  D-I  than  the  72()()ae.  The  P-I  observed 
with  the  STD  30.  VPAP,  320  I/E.  O'NYX.  Ventil+.  335. 
STD20,  Quantum,  and  the  DP90  was  less  than  the  P-l  with 
the  7200ae. 

When  resLilts  are  reviewed,  especially  w  hen  tlie  data  in  Table 
2  and  3  are  compiued.  it  seems  reasonable  to  state  that  portable 
PTVs  with  preset  or  adjustable  inspiratory  triggers  perform 
as  well  as  ICU  ventilators,  with  many  exceeding  the  inspi- 
ratory trigger  performance  of  some  ICU  ventilators.  As  with 
all  ventilators  in  which  the  sensitivity  can  be  set.  the  portable 
PTV  should  be  set  at  the  most  sensitive  setting  that  does  not 
result  in  auto-cycling. 

E.xpiratory  Sensitivity 


Inspiratory  Sensitivity 

A  number  of  studies-''""  have  addressed  the  triggering  of 
ventilator  demand-CPAP  systems  and  have  shown  clearly  that 
flow-triggered  systems  outperform  pressure-triggered  systems. 
However,  our  group  (Goulet  et  al'-  has  shown  in  10  patients 
that  with  the  7200ac  ventilator  in  the  pressure  suppon  mode 
(using  a  pressure  trigger),  inspiratory  sensitivity  set  at  -0.5 
cm  HiO  performed  better  than  flow-triggering  set  at  2  L/min 
(5  L/min  base  flow).  All  of  the  currently  available  PTVs  use 
a  flow-triggered  inspiratory  sensitivity,  and  most  are  factory- 
set  and  are  not  adjustable. 

When  one  compares  the  responsiveness  of  ventilators,  two 
primaiy  features  of  the  ventilator  response  should  be  assessed: 
time  delay  and  system  pressure  change  or  inspiratory  trigger 
pressure.  The  time  delay  (D-I)  is  generally  defined  as  the  lime 
between  initiation  of  inspiratory  eftort  and  the  increase  in  pres- 
sure above  baseline  (Fig.  5):  whereas,  pressure  change  (P-l) 
is  the  decrease  in  pressure  from  baseline  (ie.  below  baseline) 
during  the  triggering  phase  of  assisted  ventilation.  D-I  ide- 
ally should  be  a  few  milliseconds  at  the  P-l  equal  to  the  sen- 
sitivity setting.  However,  because  of  delay  in  recognition  of 
patient  effort  by  the  ventilator,  delay  in  activating  gas  deliv- 
ery mechanisms,  and  resistance  to  flow ,  both  the  D-I  and  P- 
1  with  many  ventilators  is  e.xcessive.-'' 

Lofaso  et  al--  reported  froin  a  lung  model  evaluation  that 
the  pressure  necessary  to  trigger  the  BiPAP  de\  ice  v\  ilh  its 
normiil  orificial  exhalation  port  was  - 1 .4  (0. 1 )  cm  H2O  (mean. 
SD)  and  -2.6  (0.2)  cm  H2O  when  a  nonbreathing.  isolation 
exhalation  \al\e  was  used.  In  a  later  study  of  5  portable  PTVs 


The  PSV  mode  on  ICU  ventilators  triggers  to  exhalation 
when  a  preset  end-inspiratory  flow  is  achieved  or  the  end-inspi- 
ratory  flow  equals  a  preset  percentage  of  the  peak  inspiratory 
flow.  The  same  is  U^ue  for  portable  PTV — a  specific  end-inspi- 
ratory flow  threshold  must  be  met  before  cycling  occurs. 
Although  at  first  this  may  seein  ideal,  Maclntyre  et  al'^  (Fig. 
6)  and  more  recently  Jubran  et  al^  have  suggested  that  a  fixed 
end-inspiratory  flow  trigger  may  result  in  activation  of  expi- 
ratoiA'  accessory  muscles  of  ventilation,  the  imposition  of  expi- 
ratory WOB,  and  increased  ventilatory  drive.  Whenever  the 
end-inspiratory  pressure  increases  above  the  inspiratory  pres- 
sure target  level  (Fig.  6)  just  prior  to  exhalation,  abdominal 
muscle  activation  has  occuired  to  force  cycling  to  exhalation. 
Many  ventilators  utilize  a  pressure  increase  above  set  peak 
pressure  as  a  secondary  cycling  mechanism  to  exhalation. 
Jubran  et  al'"*  have  noted  that  secondary  pressure  cycling  to 
exhalation  in  pressure  support  is  common  in  patients  with 
COPD.  as  a  result  of  increased  recoil  of  the  lung  and  thorax 
because  of  expiratory  muscle  activation.  This  phenomenon 
is  most  common  in  patients  with  COPD  because  COPD  patients 
have  inspiratoiy  flow  patterns  that  differ  from  those  in  patients 
w ithout  obstructive  lung  disease.  In  COPD,  the  initial  peak 
inspiratory  flow  tends  to  be  low  because  of  mechanical  liin- 
itation  or  weakness  unless  ventilatory  drive  is  markedly 
increa.sed,  and  the  nonnal  deceleration  to  a  near-zero  end-inspi- 
ratory flow  before  beginning  exhalation  is  usually  absent  in 
these  patients,  especially  those  in  acute  failure.  Instead.  COPD 
patients  tend  to  begin  exhalation  w  hen  end-inspiratoi7  flows 
are  high,  preventing  appropriate  triggering  to  the  expiratory 
phase.  This  situation  can  be  identified  easily  in  many  COPD 
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patients  maintained  on  pressure  support  by  looking  for  an  end- 
inspirator)  increase  in  system  pressure  (Fig.  6).  If  the  airway 
pressure  exceeds  target  setting  at  the  onset  of  exhalation,  acti- 
vation of  expiratory  muscles  has  occuired  to  trigger  to  the  expi- 
ratory phase. 
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Fig.  6,  Design  characteristics  of  a  pressure-supported  breath.  In 
this  example,  baseline  pressure  (PEEP)  is  set  at  5  cm  H2O  and 
pressure  support  is  set  at  15  cm  H2O  (PIP  20  cm  H2O).  The  inspi- 
ratory pressure  is  triggered  at  Point  A  by  patient  effort,  resulting  in 
a  decrease  in  airway  pressure.  Demand  valve  sensitivity  and 
responsiveness  are  characterized  by  the  depth  and  duration  of  this 
negative  pressure.  The  rise  to  pressure  (Line  B)  is  provided  by  a 
fixed  high  initial  flow  delivery  into  the  airway.  Note  that  if  flow 
exceeds  patient  demand,  initial  pressure  exceeds  set  level  (B1), 
whereas  if  flow  is  less  than  patient  demand,  a  slow  ('concave')  rise 
to  pressure  occurs  (B2),  Plateau  of  the  pressure  support  (Line  C) 
IS  maintained  by  servo  control  of  flow,  A  smooth  plateau  reflects 
appropriate  responsiveness  to  patient  demand;  fluctuations  reflect 
less  responsiveness.  Termination  of  pressure  support  occurs  at 
Point  D  and  should  coincide  with  the  end  of  spontaneous  inspira- 
tory effort.  If  termination  is  delayed,  the  patient  actively  exhales 
(bump  in  pressure  above  plateau)  (D1 );  if  termination  is  premature, 
the  patient  continues  expiratory  activity  (D2),  (Reprinted  from  Ref- 
erence 33,  with  permission,) 


In  our  recent  study. -^  we  compared  the  pressure  change 
on  expiration  (P-E)  and  the  time  delay  for  exhalation,  D-E, 
(from  the  onset  of  expiration  until  airway  pressure  fell  below 
baseline)  in  a  lung  model  for  9  portable  PTVs  and  the  72()Oae 
ventilator.  We  observed  P-Es  expressed  as  mean  (SD).  rang- 
ing from  2.3  (0.9)  to  ?. 3  (2.3)  cm  H:0  and  D-Es  from  9  ( 107) 
to  449  (25 1 )  ms  (Table  3).  \%-aw\  the  portable  PTVs  gener- 
ally performed  as  well  as  or  better  than  the  7200ae.  but  over 
all  most  performed  poorly  in  this  regard.  The  reasons  for  the 
high  P-Es  and  long  D-Es  were  a  combination  of  the  lack  of 
coordination  between  the  lung  model's  "deciding'  to  passively 
exhale,  the  ventilator's  end-inspiratory  flow-expiration  trig- 
gering criteria,  and  resistance  to  expiratory  flow  imposed  by 
the  ventilator  circuit.  Because  most  of  these  ventilators  use 
an  exhalation  port  w  ith  a  small  orifice  and  maintain  PEEP  by 
continuous  flow .  expiratory  resistance  is  high.  In  fact.  Lofaso 
et  al'-'  observed  between  6.04  (0.00)  and  0.21  (0.(X))  J/L  of 
imposed  expiratory  work  both  in  lung  models  and  in  patients 
using  these  ventilators.  Further,  we  noted-^  that  the  expira- 
tory area  (Area  E,  as  seen  in  Figure  5)  was  markedly  increased 
w  ith  most  \entilators  evaluated. 

Both  the  Nellcor  Puritan  Bennett  33.5  and  320  I/E  and  the 
O'NYX  incorporate  adjustable  end-inspiratory  triggers.  This 
control  should  assist  in  ensuring  a  better  match  between  the 
ventilator's  initiation  of  exhalation  and  the  patient's  desire 
to  begin  the  expiratory  phase.  Figure  7  illustrates  unpublished 
data  from  the  study  by  our  group-^  regarding  the  end-inspi- 
ratoiA  trigger  in  the  335.  At  the  Number  1  setting  of  the  trig- 
ger, lung  model  exhalation  preceded  the  ventilator's  transition 
to  the  expiratory  phase.  This  resulted  in  a  marked  decrease 
in  simulated  intrathoracic  pressure  at  the  end  of  inspiration. 
At  the  Number  2  setting,  the  ventilator  only  slightly  preceded 
the  lung  model  cycling  to  exhalation,  while,  at  the  Number 
5  setting,  the  lung  model  preceded  the  \entilator  in  cycling 
to  exhalation,  resulting  in  a  spike  in  the  airway  pressure  at 
the  end  of  the  inspiratory  phase.  As  shown  in  Figure  7,  it  is 
difficult  to  set  the  end-  expiratory  trigger  even  when  wave- 
forms of  airway  pressure  and  flow  are  available.  Without 
wavefomis.  which  are  not  available  on  either  the  335.  the  320 
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Fig,  7,  Flow,  ainway  pressure  (+  deflection), 
and  simulated  intrathoracic  pressure  (-  deflec- 
tion) in  a  lung  model  at  various  expiratory  trig- 
ger settings  on  the  Nellcor  Puritan  Bennett  335 
Ventilator.  At  Setting  1,  the  ventilator  cycled  to 
exhalation  before  the  lung  model,  resulting  in  a 
spike  in  the  intrathoracic  pressure.  At  Setting 
2,  the  ventilator  and  lung  model  are  almost  in 
synchrony  while  cycling  to  expiration.  At  Set- 
ting 5,  the  ventilator  is  cycling  to  expiration 
after  the  lung  model  has  begun  expiration. 
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I/E.  or  the  O'NYX,  or  an  airway  manometer  or  pressure  indi- 
cator, it  may  be  impossible  to  properly  set  this  control  (the 
O'NYX  has  a  digital  airway  pressure  indicator).  Clinical 
assessment  for  recruitment  of  accessory  muscles  of  expiration 
and  ventilatory  drive  may  be  the  only  methods  of  detemiining 
the  proper  setting  of  this  control. 

Rise  Time 

As  discussed  earlier,  the  speed  with  which  the  targeted  inspi- 
ratory pressure  is  met  can  be  varied.  Some  ICU  ventilators 
include  this  option  and  one  portable  PTV.  the  Quantum,  also 
includes  this  control.  However,  neither  patient  nor  lung  model 
data  on  its  operation  are  available.  This  can  be  a  useful  con- 
trol because  many  patients  like  a  rapid  rise  in  airway  pres- 
sure to  the  targeted  level,  while  others  prefer  a  more  gradual 
increase.  As  illustrated  in  Figure  6,  a  rapid  rise  in  system  pres- 
sure can  cause  the  initial  rise  to  overshoot  the  set  pressure. 
Of  concern  with  the  Quantum  is  the  lack  of  an  airway  pres- 
sure or  flow  waveform.  Without  visual  indicators  of  pressure 
and  flow,  it  is  difficult  to  select  the  appropriate  setting  for  the 
rise  time.  The  Quantum  does  have  a  digital  pressure  indica- 
tor, which  is  helpful  in  setting  this  control. 

CO2  Rebreathing 

A  unique  problem  with  all  portable  PTVs  that  do  not  incor- 
porate an  isolation-type  exhalation  valve  is  the  rebreathing 
of  exhaled  CO2. -'--'-*  This  occurs  primarily  when  PEEP  is 
set  at  minimum.  With  these  ventilators,  exhalation  usually 
occurs  via  a  small  orifice  at  the  distal  end  of  the  inspiratory 
tubing,  and  when  PEEP  is  .set  at  zero  or  minimum,  little  flow 
moves  through  the  circuit  during  expiration.  As  a  result,  the 
route  of  least  resistance  is  retrograde  movement  of  exhaled 
gas  into  the  delivery  tubing.  As  indicated  in  Figure  8,-''  this 
may  result  in  the  rebreathing  of  as  much  as  20  mL  of 
COi/breath  in  volunteers  and  12  mL  of  C02/breath  in  patients. 
The  problem  as  shown  in  Figure  8  can  be  almost  totally  elim- 
inated if  an  isolation-type  exhalation  valve  is  added  to  the  cir- 
cuit or  if  PEEP  is  set  >  4  cm  H2O.  When  Ferguson  and  Gil- 
martin-*  compared  the  effects  of  the  BiPAP  ventilator  with 
a  whisper-swivel  exhalation  \  al\  e  to  a  typical  volume-cycled 
home  care  ventilatt>r  and  the  BiPAP  ventilator  with  an  iso- 
lation-type exhalation  valve  in  a  series  of  patients  with  CO2 
retention  (Fig.  9).  the  BiPAP  ventilator  with  the  whisper-swivel 
exhalation  device  failed  to  lower  the  patient's  P-,to.-  Tliis  poten- 
tial for  CO2  rebreathing  is  of  marked  concern  if  a  face  mask 
is  used  to  ventilate  a  patient  in  an  acute  exacerbation  of  COPD. 
The  large  mechanical  dead  space  of  some  masks  coupled  with 
the  potential  for  rebreathing  because  of  the  exhalation  mech- 
anism design  may  result  in  the  failure  of  NPPV.  With  a  nasal 
mask,  most  patients  pailially  exhale  through  their  mouth,  min- 
imizing the  potential  for  CO2  rebreathing.  This  alternative  is 
unavailable  if  a  full  face  mask  is  used. 
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Fig.  8.  Volume  of  CDs  inhaled  from  the  ventilator  tubing  at  various 
IPAP  and  EPAP  settings  during  BiPAP  ventilatory  assistance  in 
normal  subjects  (top)  and  patients  (bottom).  Whisper-Swivel  =  ▲. 
Plateau  =  O,  Nonrebreather  =  D,  "Indicates  p  <  0.05  compared 
with  other  devices  at  similar  BiPAP  settings.  (Reprinted  from  Ref- 
erence 26.  with  permission.) 


Portable  Pressure-Targeted  Ventilators 

Limitations  of  Portable  PTV 

In  addition  lo  the  potential  for  rebreathing  of  CO2.  the 
portable  PTVs  are  unable  to  deliver  precise,  consistent,  and 
high  oxygen  concentrations,  and  most  of  these  ventilators  have 
no  alarms  or  monitors.  The  exception  is  the  Quantum,  which 
does  display  airv\ay  pressure  change  and  includes  alarms  for 
pressure,  disconnection,  and  ventilator  malfunction.  These 
three  major  limitations  in  the  capabilities  of  these  ventilators 
cause  me  to  strongly  recommend  against  iheir  use  in  the  ICU 
for  the  management  of  acute  respiratory  failure,  regardless 
of  the  cause.  Based  on  current  design.  I  believe  that  these 
devices  should  be  used  only  on  patients  u  ho  require  only  peri- 
odic NPPV  and  should  never  be  attached  to  an  artificial  air- 
way. The  reason  for  this  strong  statement  is  patient  safety. 
Without  conection  of  these  major  deficiencies  in  the  oper- 
ation of  the  portable  PTVs.  1  believe  that  they  are  unsafe  for 
use  with  patients  requiring  continuous  ventilatory  support — 
acute  or  chronic. 
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Fig.  9.  Paco2  obtained  at  baseline  and  follow- 
ing 1  hour  of  ventilatory  assistance  with  each 
of  3  ventilation  methods.  D  =  chronic  obstruc- 
tive pulmonary  disease;  O  =  restrictive  chest 
wall  disease:  A  =  central  alveolar  hypoventila- 
tion patient;  ■  =  IVIean  (SEM).  "p  <  0.005  com- 
pared with  resting  values  and  with  BiPAP  ven- 
tilatory assistance  using  the  Whisper-Swivel 
exhalation  device,  (Reprinted  from  Reference 
26.  with  permission.) 
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Ideal  Portable  PTV 

Although  1  do  not  believe  these  devices  as  currently  designed 
have  a  place  in  the  management  of  patients  with  acute  ven- 
tilatory failure  or  in  patients  who  require  continuous  venti- 
latory support,  this  does  not  mean  that  1  believe  these  devices 
ventilate  patients  ineffectively.  As  shown  in  the  data  reviewed, 
tliese  ventilators  are  capable  of  meeting  the  ventilatory  demands 
of  patients.  Many  of  the  cun'ent  devices  provide  gas  to  spon- 
taneously breathing  patients  much  better  than  many  ICU  ven- 
tilators. The  limitations  outlined  can  be  easily  corrected.  Appro- 
priate exhalation  mechanisms  can  be  designed  and  mechiinisms 
for  attachment  to  high  pressure  gas  sources  developed  or  reser- 
voirs added  to  increase  and  maintain  more  constant  oxygen 
concentrations.  Ability  to  operate  these  devices  by  backup 
batteries  can  be  developed  for  use  during  long-teiTn  ventilatory 
support.  Most  importantly,  devices  can  be  fitted  with  alarms 
and  appropriate  monitors.  All  of  these  devices,  if  they  are  to 
be  utilized  in  the  manageinent  of  acute  respiratory  failure  must 
have  alarms  that  identify  large  system  leaks,  disconnection, 
and  mechanical  failure  of  the  ventilator.  Considering  the  design 
of  the  ventilator,  a  high-pressure  alarm  is  generally  unnec- 
essary but  monitoring  of  Vj  and  rate  is  essential  if  they  are 
to  be  used  in  acute  respiratory  failure.  If  ventilators  are  going 
to  incorporate  controls  that  contour  the  delivery  of  a  pressure- 
targeted  breath  (eg,  rise  time  and  end-inspiratory  trigger  sen- 
sitivity).  visual  displays  of  airway  pressure  and  flow  are  nec- 
essary for  practitioners  to  properly  adjust  these  controls.  I 
anticipate  that  the  design  of  the  next  generation  of  portable 
PTVs  will  eliminate  these  deficiencies.  At  that  time,  portable 
PTVs  will  come  into  common  use  to  provide  NPPV  during 
acute  respiratory  failure. 

PRODUCT  SOURCES 

Ventilators: 

BiPAP  STD30  and  STD  20.  Respironics,  Murrysville  PA 

ARM-25  and  DP90,  Taema.  Antony  Cedex,  France) 

7200ae,  335.  and  320  I/E,  Nellcor  Puritan  Bennett.  Lenexa  KS 


O'NYX.  Pierre  Medical  Veirieres  Le  Buisson,  France 
VPAP.  ResCare  Inc.  San  Diego  CA 
Ventil-F.  SEFAM.  Nancy,  France 
Quantum.  Healthdyne.  Marietta  GA 
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NPPV:  Face  versus  Interface 
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Introduction 
The  Interface 

Face  Mask  versus  Nasal  Mask 

Controlling  Leaks 

CO2  Rebreathing 

Connecting  the  Mask 

Mask  Placement  &  Patient  Comfort 
In  Summary 


Introduction 

History  has  shown  that  many  methods,  once  tried  and  set 
aside  when  other  "better"  means  emerged,  may  resurface  and 
be  found  to  be  more  useful  than  previously  thought.  Tech- 
nologic ad\ancement  and  renewed  public  interest  or  need  can 
be  the  catalysts  to  revive  discarded  ways. 

Such  a  cycle  has  been  noted  recently  with  the  revival  of 
noninvasive  positive  pressure  ventilation  (NPPV)  in  the  acute 
and  chronic  respiratory  patient  population.  Mask  ventilation 
has,  in  some  instances,  become  a  first-line  intervention  in  emer- 
gency rooms  and  in  the  critical  care  units.' 

A  1992  publication-  cites  one  of  the  earliest  descriptions 
of  NPPV .  the  work  by  Driiger  in  1911.  Drager  developed  a 
tight-fitting  mask  coupled  with  a  compressed  gas  source  (the 
Pulmotor)  to  help  resuscitate  drowning  victims.  Later  this 
device  was  used  by  policeman  and  firemen  to  assist  civilians.- ' 

In  1937  and  1938.  Barach  and  his  colleagues'*  •"  reported 
their  clinical  experience  in  treating  pulmonary  edema  con- 
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Conference  on  Noninvasive  Positive  Pressure  Ventilation  sponsored  by 
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October  4-6.  1996. 
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tinuous  positive  airway  pressure  applied  with  a  mask.  They 
described  the  beneficial  effect  of  applying  positive  pressure 
to  the  airways  during  the  breathing  cycle  to  reduce  the  resis- 
tance in  the  conducting  airways  and  the  decreased  lung  com- 
pliance experienced  by  patients  with  congestive  heart  failure. 

The  Interface 

Face  Mask  versus  Nasal  Mask 

Success  and  failure  in  the  use  of  NPPV  has  varied  among 
investigators.  Some  find  the  face  mask  more  effective  while 
others  have  shown  gi-eater  success  with  the  nasal  mask.  Meduri 
and  co-workers  successfully  avoiding  intubation  in  approx- 
imately 72%  of  197  patients  smdied.'  Table  1  summarizes  the 
studies  published  from  1989-1996.*'"  including  the  work  of 
Brochard  et  al'"  who  also  found  face  masks  effective — per- 
haps due  to  the  short  duration  of  NPPV  in  patients  studied. 

To  ventilate  the  patient  as  effectiveh'  as  possible  and  to 
ensure  maximum  comfort,  the  clinician  must  use  a  mask  that 
fits  properly.  Therefore,  I  beUeve  that  the  interface — the  mask 
and  type  of  harness — can  play  just  as  important  a  role  in  deter- 
mining the  effectiveness  of  NPPV  as  does  the  \entilator.  Proper 
sizing  and  fitting  of  the  mask  may  require  several  attempts 
to  accommodate  facial  architecture,  .■X  \'ariety  of  masks  are 
now  available,  and  manufacturers  continue  to  impro\'e  mask 
design  and  to  develop  gauging  tools  to  help  the  cUnician  deter- 
mine the  proper  size  mask  to  use. 

Choosing  the  correct  mask  style — facial  or  nasal — and  size 
can  be  as  challenging  for  the  patient  as  for  the  clinician.  The 
clinician  has  choices  related  to  variations  in  style  and  size  of 
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Table  1.      Studies  Reporting  Experience  with  Noninvasive  Positive  Pressure  Ventilation 


n 

Mask  Type 

Outcome 

Authors.  Year 

Facial 

Nasal 

Success 

Failure 

Medurietal,  1989* 

10 

10 

— 

7 

3 

Elliott  etal,  1990" 

6 

— 

6 

4 

2 

Brochard  et  al.  1990'" 

13 

13 

— 

12 

1 

Marino.  1991" 

12 

— 

12 

8 

4 

Hodsonetal  1991'- 

6 

6 

— 

5 

1 

Medurietal,  1991" 

18 

18 

— 

13 

5 

Chevrolet  et  al.  1991'" 

6 

— 

6 

3 

3 

Pennock  etal.  1991'-^ 

29 

— 

29 

22 

7 

Benhamou  et  al.  1992"' 

30 

— 

30 

18 

12 

Wysocki  et  al.  1993'^ 

17 

17 

— 

8 

9 

Bottetal.  1993" 

30 

— 

30 

26 

4 

Vitaccaetal,  1993" 

29 

29 

— 

24 

5 

Fernandez  el  al,  I993-" 

12 

12 

— 

9 

3 

Pennocketal.  1994='* 

110 

— 

110 

64 

46 

SooHooetal.  1994- 

12 

— 

12 

5 

7 

Medurietal.  1994^' 

11 

11 

— 

7 

4 

Tognet,  1994-" 

15 

7 

8 

6 

9 

Confalonieri  et  al,  1994-^ 

28 

— 

28 

18 

10 

Wysocki  etal.  1995» 

21 

21 

— 

8 

13 

Kramer  etal.  1995" 

16 

— 

16 

11 

5 

Sachetti.  1995=* 

22 

— 

22 

20 

2 

Ambrosino  et  al,  1995=' 

59 

25 

34 

46 

13 

Brochard  et  al,  I995» 

43 

43 

— 

32 

11 

Medurietal,  1996" 

158 

158 

— 

112 

46 

Total 

713 
xk  1991  study 

370  (52%) 

343  (48%) 

488  (68%) 

225  (32%) 

*  Includes  29  patients  from  Penni 

mask  and  head  harness  to  accommodate  different  facial  con- 
tours and  iirchitecture  (Table  2). 

The  mask  'cushion,'  which  comes  in  contact  with  most  of 


the  face,  should  be  of  a  nonallergenic  soft,  supple  material — 
not  hard  plastic — to  minimize  the  likelihood  of  pressure  necro- 
sis. The  shell  or  dome  should  be  made  of  a  clear  material,  so 


Table  2.      Interfaces  Available  for  Noninvasive  Positive  Pressure  Ventilation  (1995) 


Manufacturer  &  Location 


Design 


Sizes 


Harness  Type* 


Single  Use  or  Reusable? 


Ambu*,  Linthicum  MD 

Baxter  Round  Lake  IL 

Bird' .  Palm  Springs  CA 

Gibeck.  Indianapolis  IN 

Hospitak,  Farmingdale  NY 

Hans  Rudolph.  Kansas  City  MO 

Healthdyne  Soft  Series.  Marietta  G.^ 

Interlech/Sinis.  Keen  NH 

King  System  Corp.  Noblesville  IN 

LifeCare,  Westminster  CO 

MED  Systems'-,  Santa  Monica  CA 

Nellcor  Puritan  Bennett.  Carlsbad  CA 

ResCare  Sullivan'  Bubble.  San  Diego  CA 

Respironics,  Murrysville  PA 

Rusch.  Duluth  GA 

Vacumctrics.  Ventura  CA 

VENTLAB  Corp.  Mocksville  NC 

Vital  Signs,  Totovva  NJ 


Face  |2  styles) 

6  ofl;  5  of  other 

Face  (2  styles) 

3  of  each  style 

Face 

3 

Face 

3 

Face  (2  styles) 

3  of  each  style 

Face 

8 

Nasal 

7 

Face 

2 

Face 

6 

Nasal 

7 

Face 

3 

Face 

3 

Nasal  (3  series) 

5  in  each  series 

Nasal  (2)  &  Face  (1) 

8  nasal,  4  face 

Face  (4  styles) 

lof  l;2of2;3of  1 

Nasal  &  face 

5  nasal;  5  face 

Face 

3 

Face 

3 

Elastic 

Elastic 

Elastic 

Elastic 

Elastic 

Polyester  head  cap 

Crown  strap 

Elastic 

Elastic 

Elastic 

Elastic 

Elastic 

4  types  of  headcap 

Headcap  or  straps 

Elastic 

Foam-cushioned  cap. 

Elastic 

Elastic 


Velcro  straps 


Single 

Single 

Single 

Single 

Single 

Reusable 

Reusable 

Single 

Single 

Reusable 

Single 

Reusable 

Reusable 

Reusable 

Reusable 

Reusable 

Single 

Single 
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that  the  patient  can  be  observed  for  excessive  secretions  or 
vomitus.  The  hiuness  or  headgear  should  also  be  made  of  either 
a  soft  cloth  or  a  nonallergenic  elastic  material. 

Claustrophobia  may  make  the  patient  unable  to  tolerate 
NPPV.  especially  if  a  full  face  mask  is  used.  Some  patients 
may  tolerate  a  nasal  mask  better  than  a  face  mask.  Nasal 
masks  are  thought  to  minimize  the  potential  complication 
of  aspiration,  and  they  facilitate  oral  intake  and  allow  eas- 
ier expectoration.' 

The  nasal  mask  is  widely  used.  However,  one  should  re- 
member that  w  hen  the  resistance  of  the  nasal  pa.ssages  is  added 
to  the  abnormal  airway  resistance  present  in  many  patients 
in  acute  respiratory  failure,  the  ventilator  may  be  unable  to 
provide  the  pressure  necessary  to  overcome  that  total  resis- 
tance. It  is  widely  held  that  the  nasal  passages  contribute  > 
509c  of  normal  airway  resistance. 

The  face  mask  provides  less  resistance  than  the  nasal  mask 
but  does  not  allow  oral  intake  or  expectoration.  The  poten- 
tial for  aspiration  is  increased,  and.  therefore,  the  face  mask 
should  be  made  of  a  clear  material.  Meduri  et  al '  published 
an  account  of  their  success  using  a  face  mask  in  158  patients 
with  various  disease  and  varying  degrees  of  respiratory  fail- 
ure. Effectiv e  response  within  2  hours  after  initiation  of  NPPV 
with  a  face  mask  predicted  eventual  success  (p  <  0.0001 ).' 
Considering  the  dyspnea  Meduri's  study  population  expe- 
rienced, the  response  may  be  attributed  to  the  fact  that  many 
dyspneic  patients  are  moutli  breathers,  and  the  nasal  mask  facil- 
itates only  nose  breathing.  Nasal  masks  have  been  reported 
to  be  ineffective  when  nasal  resistance  is  >  5  cm  H2O  •  s  ■  L~'. 

Sinusitis  or  any  deviation  of  the  turbinates  contributing  to 
increased  resistance  may  also  be  a  factor  when  one  is  choos- 
ing the  proper  interface.  When  such  conditions  are  present, 
the  choice  of  a  mask  that  will  cover  the  mouth  and  the  nose 
(face  ororonasal  mask)  may  be  appropriate.  Some  patients 
who  use  the  face  mask  in  their  acute  phase  may  graduate  to 
the  nasal  mask.  In  mild  respiratoi7  failure,  the  nasal  mask  can 
be  tried  fu-st.  If  it  is  not  successful,  a  face  mask  can  be  applied. 
Fitting  a  face  mask  on  patients  without  teeth  or  dentures  in 
place  or  on  bearded  patients  can  be  difficult,  and  a  nasal  mask 
may  be  the  better  choice. 

Controlling  Leaks 

A  good  seal  (obtained  without  securing  the  mask  too 
tightly)  is  imperative.  One  should  keep  in  mind  that  slight 
leakage  around  the  mask  during  inspiration  is  not  harmful. 
However,  the  leak  must  not  be  so  large  as  to  interfere  with 
the  ventilator's  c>'cling  from  inspiration  to  expiration  and  from 
expiration  to  inspiration.  The  exhaled  tidal  \  olume  or  the  esti- 
mated inspired  tidal  volume  is  a  key  indicator  of  adequate 
ventilation.  Too  great  a  leak  can  be  detected  from  the  tlow- 
time  curve  on  a  graphics  screen  (if  the  ventilator  is  so 
equipped),  by  measuring  the  exhaled  tidal  volume,  or  from 
the  actuation  of  the  low -PEEP  (ie.  positive  end-expiratory 


pressure),  low-inspiratory  pressure,  or  disconnect  alarm.  Care- 
ful setting  of  the  ventilator's  alarms  can  adjust  for  optimum 
sensitivity  once  the  patient  is  considered  in  synchrony  and 
stable  with  the  settings. 

Many  clinicians  are  trained  to  note  any  leaks  within  a  cir- 
cuit during  mechanical  ventilation  and  to  take  steps  to  elim- 
inate the  leak.  Therefore,  the  tendency  to  overcompensate  by 
tightening  the  mask  to  seal  off  the  leak  may  attribute  to  some 
mask  intolerance. 

Today's  technology  has  almost  eliminated  the  concern  for 
leaks  that  in  the  past  were  considered  a  compromise  to  ade- 
quate ventilation.  Manufacturers  have  microprocessing  logic 
within  the  design  of  ventilatory  devices  that  recognizes  leaks 
and  adjusts  flow  to  maintain  prescribed  levels  of  ventilation. 
Nevertheless,  a  gross  leak  requires  attention  to  the  adjust- 
ment, size,  or  type  of  mask  being  used  or  to  the  level  of  pres- 
sure ventilation. 

CO2  Rebreathing 

Nasal  masks  have  about  1 05  mL  of  dead  space  whereas 
face  masks  have  about  250  mL.  causing  CO2  rebreathing  to 
be  a  concern.''  To  my  knowledge,  of  all  reported  investiga- 
tions to  date,  there  have  been  no  repoils  of  CO2  rebreathing 
related  to  the  dead  space  of  the  mask.  However,  the  amount 
of  end-expiratory  pressure  set  on  the  machine  and  the  resis- 
tance of  the  circuit  expiratory  port  or  the  mask  expiratory  port 
does  play  an  important  role  in  CO:  rebreathing. 

To  alleviate  this  potential  problem  end-expiratory  pres- 
sure >  8  cm  HiO  was  advocated  by  Ferguson  and  Gilmailin.'- 
Also  a  nonrebreathing  valve  designed  for  specific  use  in  NPPV 
was  effective  but  could  cause  higher  expiratory  resistance. 
Lofaso  et  al"  found  that  levels  of  end-expiratory  pressure  < 
2  cm  H2O  and  incoiporation  of  a  nonrebreathing  valve  reduced 
the  rebreathing  effect.  But.  increased  expiratory  resistance  and 
increased  external  PEEP  decreased  the  acUial  amount  of  inspi- 
ratory pressure  suppoit  and,  therefore,  increased  the  work  of 
breathing  twofold."-'-'' 

Connecting  the  Mask 

Once  the  best  available  mask  is  chosen,  connection  to  the 
ventilator  is  similar  to  connecting  an  endotracheal  tube.  Of 
particular  interest  is  the  way  the  harness  is  attached  to  the  mask. 
Some  masks  have  prongs  (studs  on  the  mask  where  the  har- 
ness is  secured).  These  prongs  are  often  referred  to  as  either 
peripheral  or  central  prongs.  The  peripheral  prongs  are  on  the 
outer  edge  of  the  mask  and  when  the  hantess  is  attached,  even 
distribution  of  pressure  over  the  surface  area  of  the  face  is 
achieved.'*  These  prongs  are  found  on  orofacial  masks  but  not 
on  most  nasal  masks.  Nasal  masks  have  holes  on  both  sides 
where  hooks  from  the  harness  or  headgear  can  he  attached. 
These  holes  allow  the  clinician  to  make  adjustments  to  facil- 
itate a  better  seal.  Some  nasal  masks  also  have  loops  through 
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which  headgear  straps  can  he  passed,  similar  t(i  the  belt  loops 
on  trousers  or  skirts. 

The  central  prongs  allow  the  mask  to  be  attached  at  the  cen- 
ter of  the  mask  via  holes  on  the  hiimess.  Although,  in  my  expe- 
rience, attachment  to  central  prongs  can  be  effective  in  some 
patients,  the  central  location  may  not  allow  for  even  distri- 
bution of  pressure  over  the  surface  of  the  face.  When  the  har- 
ness is  attached  to  central  prongs,  it  is  sometimes  necessary 
to  cross  the  straps  (ie.  the  top  strap  to  the  bottom  prong  and 
the  bottom  strap  to  the  top  prong).  This  method  lends  to  keep 
the  straps  from  migrating  into  the  eyes  of  the  patient. 

Mask  Placement  &  Patient  Comfort 

I  have  found  that  a  cushion  for  the  forehead  and  a  soft 
wound-care  dressing,  such  as  Duo-Derm"  (Bristol-Myers 
Squibb.  Princeton  NJ)  or  Restore*  (Hollister,  Libertyville  IL), 
for  the  nasal  bridge  reduces  pressure  and/or  leaks  from  the 
nose  when  a  nasal  mask  is  used.  However,  this  application 
is  optional  and  may  be  done  when  the  patient  is  clinically  sta- 
ble and  rested  enough  to  brielly  remove  the  mask.^  Redness 
of  the  skin  may  develop,  but  breakdown  of  the  skin  usually 
takes  several  hours  The  skin  should  be  checked  daily  for  any 
signs  of  abrasion  or  necrosis.  Supplemental  O2  is  provided 
via  cannula  or  oxygen  mask  during  the  inspection. 

1  have  found  that  placing  the  harness  behind  the  patient's 
head  prior  to  application  of  the  mask  saves  unnecessiuy  manip- 
ulation once  the  patient  is  ready  to  secure  the  mask.  The  mask 
should  be  held  gently  on  the  patient's  face  until  he  or  she  is 
in  synchrony  with  the  ventilator  and  comfortable  with  the  feel 
of  the  ventilatory  assistance  delivered.  The  clinician  should 
continue  to  provide  explanations  and  reassur;ince  to  the  patient 
at  all  times. 

Once  the  patient  is  coml\)rtable.  the  pressure  should  be 
titrated  to  optimum  therapy  and  comfort.  This  should  be  done 
early  in  the  therapy  process  with  special  attention  to  the  cycling 
(inspiration  and  expiration)  of  the  ventilator.  With  the  patient 
comfortable  and  with  the  ventilator  cycling  appropriately,  the 
mask  Ciin  be  secured  with  the  harness,  avoiding  a  tight  fit.  ITie 
patient's  comfort  is  very  import;uit  to  the  effectiveness  of  mask 
ventilation.'  Once  secure,  the  mask  may  be  gently  readjusted 
as  needed.  Placing  the  mask  too  high  into  the  eyes  can  lead 
to  conjunctivitis  and  placing  it  too  low  below  the  chin  can  lead 
to  leaks  around  the  mandible.  The  clinician  should  be  able 
to  pass  one  or  two  fingers  easily  between  the  harness  and  the 
patients  face  after  attaching  the  harness  to  the  mask. 

In  Summary 

As  clinicians  utilize  NPFV  as  an  alternate  mode  of 
mechanical  \entilation,  it  is  important  that  ad\ances  be  made 
in  mask  design.  Continued  research  in  the  clinical  setting 
is  needed  to  develop  more  appropriately  designed  interfaces. 
Much  time  and  effort  has  been  spent  in  developing  the  ven- 


tilator and  now  the  time  for  attention  to  the  face  versus  the 
interface  should  proceed. 
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continl!ous  nppv  for  acute 
Respiratory  Failure 

Introduction 

Noninva.sive  positive  pressure  ventilation  (NPPV)  lias  been 
used  in  patients  in  acute  respiratory  failure  from  a  variety  of 
causes.  Reports  of  the  number  of  patients  and  types  of  under- 
lying disorders  treated  are  increasing  almost  monthly.  A  list 
of  the  causes  of  acute  respiratory  failure  lor  which  NPPV  has 
been  attempted  is  seen  in  Table  1.'  By  far  the  largest  num- 
ber of  patients  and  best  data  exist  for  acute  exacerbation  of 
chronic  obstructive  pulmonary  disease  (COPD).- ' 
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Table  1 .      Causes  of  Acute  Respiratory  Failure  for  which  Noninvasive 
Positive  Pressure  Ventilation  Has  Been  Attempted* 

Acute  exacerbation  of  chronic  obstructive  pulmonary  disease 

Acute  respiratory  distress  syndrome 

Asthma 

Atelectasis 

Cystic  fibrosis 

Community-acquired  pneumonia 

Hypoventilation  syndromes 

Obstructive  sleep  apnea 

Obesity  hypoventilation  syndrome 
Lung  cancer 
Near-drowning 
Neuromuscular  disease 
Pneumocysiis  carinii  pneumonia 
Postoperative  respiratory  insufficiency 
Postextubation  stridor  or  failure 
Pulmonary  edema  of  cardiac  origin 
Pulmonary  embolus 
Restrictive  lung  disease 
Trauma 
Upper  airway  obstruction 


*  Adapted  from  Reference  1.  with  permission. 


With  the  proliferation  of  studies  and  indications,  review 
of  the  evidence  for  the  effectiveness  of  NPPV  is  appropri- 
ate. Most  pubhshed  studies  unfortunately  consist  of  uncon- 
trolled case  series,  historical  control  studies,  or  case  reports. 
Although  blinding  is  impossible  with  NPPV.  randomization 
can  be  accomplished.  Four  randomized  control  trials  have 
been  reported.  This  includes  2  trials  in  acute  exacerbation 
of  COPD.-'  1  trial  in  acute  respiratory  failure  other  then 
COPD.''  and  1  trial  with  a  mixed  population  of  COPD  and 
non-COPD  patients.-* 

Study  Design 

Before  reviewing  the  results,  we  want  to  discuss  several 
issues  regarding  study  design. 

Point  of  Intervention 

The  point  of  intervention  with  NPPV  can  occur  at  one  of 
three  different  times.  The  best  studied  is  prevention  of  acute 
respiratory  failure,-'  as  defined  by  need  for  intubation  and 
mechanical  ventilation,  in  a  group  of  patients  at  high  risk  for 
mechanical  ventilation.  These  studies  look  at  prophylactic  treat- 
ment. Because  the  intervention  is  prophylactic,  not  all  con- 
trol patients  will  be  intubated  and  some  patients  in  the  treat- 
ment group  will  undergo  NPPV  unnecessarily. 

The  second  point  of  intervention  is  at  the  time  that  acute 
respiratory  failure  has  occurred,  and.  in  that  situation,  NPPV 
is  treatment  rather  than  prevention.  Despite  their  titles,  most 
studies  of  NPPV  have  actually  excluded  patients  who  need 
immediate  intubation.-"*'^  Therefore,  the  data  on  actual  treat- 


ment of  acute  respiratory  failure  are  less  convincing.  The  study 
end  point  is  different  when  treatment  is  truly  being  studied. 
Comparing  the  incidence  of  intubation  is  no  longer  appro- 
priate because,  by  definition,  all  control  patients  should  require 
intubation.  Other  end  points  such  as  duration  of  mechani- 
cal ventilation,  incidence  of  complications,  and  mortality  are 
more  appropriate. 

Distinguishing  the  point  at  which  the  intervention  switches 
from  prevention  to  treatment  is  subjecti\  e.  This  limits  the  appli- 
cability of  a  study's  results  to  an  individual  practitioner.  Yet 
this  distinction  may  be  critical  in  the  success  of  NPPV.  In  the 
study  by  Brochard  et  al,-  23  of  the  31  control-group  patients 
who  required  intubation  were  intubated  within  3  hours  of  ran- 
domization despite  an  exclusion  criteria  for  study  entry  of  "need 
for  immediate  intubation."  Other  attempts  to  use  a  set  of  objec- 
tive criteria  to  distinguish  between  acute  respiratory  failure 
requiring  immediate  intubation  and  acute  respiratory  insuf- 
ficiency in  COPD  patients  did  not  define  a  population  at 
increased  risk  of  subsequent  mtubation  or  mortality."' 

The  third  interesting  and  potentially  beneficial  point  of  inter- 
vention with  NPPV  is  either  for  salvage  of  extubation  fail- 
ures-^ or  for  accelerated  weaning  from  mechanical  ventilation. 
Although  such  patients  have  been  included  in  case  series,  no 
randomized  study  has  addressed  this  indication. 

Relevant  Outcomes 

The  assumption  in  most  of  the  studies  has  been  that  avoid- 
ance of  endotracheal  intubation  is  the  appropriate  and  most 
beneficial  goal.  This  assumption  is  appropriate  only  if  mor- 
tality and  other  complications  are  also  the  same  or  lower. 
Whether  avoidance  of  endotracheal  intubation  alone  is  bet- 
ter if  all  other  factors,  including  mortality,  length  of  stay,  com- 
plications, and  cost,  are  equal  is  a  subjective  decision  to  be 
made  by  the  patient  and  has  not  been  studied.  We  have 
observed  a  few  patients  who.  having  had  experience  with 
NPPV,  subsequently  elect  endotracheal  intubation  rather  than 
repeating  attempts  at  NPPV. 

Mortality  is  clearly  an  appropriate  outcome  variable.  While 
comparison  of  mortality  between  NPPV  and  conventional  ffeat- 
ment  is  the  primary  consideration,  excess  mortality  in  the  con- 
trol group  may  indicate  a  selection  bias.  Because  patients  at 
highest  risk  (based  on  the  need  for  immediate  intubation)  have 
been  excluded  from  some  studies,  the  mortality  of  random- 
ized studies  of  NPPV  should  have  a  control  mortality  rate  at 
or  below  the  mortality  rate  from  epidemiologic  studies  for 
patients  with  that  cause  of  respiratory  failure.^ 

The  duration  of  mechanical  ventilation  and  the  corre- 
sponding need  for  intensive  care  monitoring  is  also  an  impor- 
tant outcome  variable.  Because  duration  of  mechanical  ven- 
tilation drives  most  of  the  charges  for  patients  with  acute 
respiratory  failure,  this  outcome  may  be  an  easy  surrogate  for 
cost  of  care.^'*'''  Although  the  cost  of  providing  NPPV  does 
not  appear  to  be  higher  than  the  cost  of  traditional  mechan- 
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ical  ventilation,  many  hospitals  still  charge  the  same  rate  for 
mechanical  ventilation  whether  delixered  via  mask  or  endo- 
tracheal tube.-'"' 

One  of  the  major  outcomes  hypothesized  to  favor  NPPV 
is  the  complication  rate.  The  trade-off  between  the  incidence 
of  laryngotracheal  injury  and  facial  pressure  necrosis  is  not 
the  only  comparison.  Avoidance  of  other  important  com- 
plications, such  as  development  of  nosocomial  pneumonia 
or  sinusitis,  aspiration,  and  inability  to  handle  secretions,  are 
probably  as  important  but  often  are  more  difficult  to  assess, 
either  because  of  difficulties  in  diagnosis  or  because  other  inde- 
pendent risk  factors  may  not  be  evenly  distributed  between 
noninvasive  and  invasive  applications.  A  critically  important 
aspect  of  analysis  is  whether  failure  of  NPPV  leads  to  greater 
complications  thiin  if  the  patient  had  been  intubated  originally. 
A  worse  outcome  in  a  subgroup  of  patients  who  fail  NPPV 
may  be  hidden  if  a  majority  are  successfully  treated. 

Results  of  Randomized  Studies 

The  results  of  the  4  randomized  controlled  trials  that  have 
been  published  are  summarized  in  Table  2. 


consistent  through  the  3  studies,  although  decreased  mortality 
was  significant  only  in  the  Brochard  study.-  Bott  et  al  show  ed 
an  almost  identical  trend  toward  decreased  mortality,  although 
the  smaller  numbers  precluded  statistical  significance.'  The 
mortality  in  both  control  groups  was  not  excessive  compared 
to  the  31. 87c  mortality  for  ventilated  COPD  patients  found 
in  recent  multicenter  studies."  Bott  et  al  did  demonstrate  a  cen- 
ter effect,  with  one  center  having  significantly  lower  mortality 
than  the  otlier  two.'  The  study  by  Kramer  et  al."*  w  hich  included 
primarily  patients  with  exacerbations  of  COPD  (23/31. 14%). 
did  not  find  a  significant  difference  in  mortality  but  had  a  lower 
overall  mortality  for  both  NPPV  and  control  patients. 

The  study  of  Wysocki  et  al*"  is  the  only  study  that  specif- 
ically studied  patients  without  COPD.  They  found  no  dif- 
ference in  mortality  for  the  entire  group.  However,  a  subgroup 
of  patients  with  elevated  Paco:  (>  -+5  torr)  at  the  time  of  ran- 
domization suggested  a  trend  toward  decreased  mortality. 
When  the  subgroup  without  CO2  retention  is  analyzed,  an 
insignificant  trend  toward  increased  mortality  with  NPPV 
is  noted. 

Intubation 


Mortality 

The  largest  study  published  to  date  (19%)  is  the  multicenter 
study  of  Brochard  et  al-  using  a  nasal  mask  and  pressure  sup- 
port ventilation  for  patients  with  acute  exacerbations  of  COPD. 
The  relative  risk  of  death  was  0.44  (95%  confidence  inter- 
val (CI]  0.18-1.06).  This  corresponds  to  a  relative  risk  reduc- 
tion of  death  of  67%  compared  with  controls.  The  number 
needed  to  treat  (NNT)  with  NPPV  to  avoid  1  death  is  only 
5  patients.  Two  other  randomized,  controlled  studies  also 
included  COPD.'"*  The  trend  toward  decreased  mortalitv  was 


The  incidence  of  endotracheal  intubation  in  patients  with 
COPD  was  significantly  lower  in  the  study  of  Brochard  et  aF 
with  a  relative  risk  0.35  (95%  CI  0.21-0.60).  This  corresponds 
to  a  relative  risk  reduction  of  inmbation  of  65%  compared  with 
controls.  The  NNT  with  NPPV  to  avoid  1  intubation  is  only 
2  patients.  Kramer  et  aH  found  a  similar  significant  reduction 
in  the  incidence  of  intubation,  both  in  the  overall  group  and 
in  the  COPD  subgroup. 

For  non-COPD  patients,  the  benefit  of  NPPV  in  avoidance 
of  intubation  is  not  clear.  Wysocki  et  al"  found  no  overall  dif- 
ference in  the  incidence  of  intubation.  The  subgroup  of  patients 


Table  2.      Results  of  Randomized  Controlled  Trial  of  Positive  Pressure  Ventilation  Patient  Group 


Patient 
Condition 

Interface 

Mode  of 
Ventilation 

F.nd  Point 

Patient 

Group 

Relative  Risk 
Reduction 

Relative 
Risk 

No. 
Needed 
to  Treat 

Treatment 

Control 

p  Value 

CORD' 

Nasal 

Volume 

Death 

3/30(0.10) 

9/30  (0.30) 

66.7 

0.20 

5 

0.11 

COPD- 

Facial 

Pressure  Support 

Death 

4/43  (0.09) 

12/42(0.29) 

69.0 

0.20 

5 

0.02 

Mixed^ 

Nasal 

Bi-level 

Death 

1/16(0.061 

2/15(0.13) 

53.8 

0.07 

14 

0.60 

Mixed  (no  COPD)" 

Facial 

Pressure  Support 

Death 

7/21  (0.33) 

10/20(0.50) 

34.0 

0.17 

6 

0.46 

PaC02  >  4.5  torr* 

Facial 

Pressure  Support 

Death 

1/11(0.09) 

4/6    (0.67) 

86.6 

0.58 

2 

0.06 

PaC02  <  45  torr* 

Facial 

Pressure  Support 

Death 

6/10(0.60) 

6/14(0.43) 

-34 

-0.17 

6 

0.76 

COPD= 

Facial 

Pressure  Support 

Intubation 

11/43(0.26) 

31/42(0.74) 

64.9 

0.48 

2 

0.001 

Mixed^ 

Nasal 

Bi-level 

Intubation 

5/16(0.31) 

11/15(0.73) 

57.5 

0.42 

3 

0.05 

COPD* 

Nasal 

Bi-level 

Intubation 

l/ll  (0.09) 

8/12(0.67) 

86.6 

0.58 

2 

0.017 

Mixed:  No  COPD'' 

Facial 

Pressure  Support 

Intubation 

1.3/21  (0.62) 

14/20(0.70) 

11.4 

0.08 

14 

0.88 

PaC02  >  45  torr* 

Facial 

Pressure  Support 

Intubation 

4/11  (0.36) 

6/6    (1.0) 

64.0 

0.64 

") 

0.02 

PaC02  <  45  torr 

Facial 

Pressure  Support 

Intubation 

9/10(0.90) 

8/14(0.57) 

-57.9 

-0.33 

3 

0.17 

COPD- 

Nasal 

Pressure  Support 

Complications 

7/43(0.16) 

20/42  (0.48) 

66.7 

0.32 

3 

0.001 

*Subgroup  analysis 
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with  CO:  retention  again  showed  benefit,  but  the  remaining 
patients  had  a  higher  incidence  of  intubation  when  random- 
ized to  NPPV.  The  non-COPD  patients  in  the  study  of  Kramer 
et  al'*  also  did  not  appear  to  benefit  from  NPPV. 

Duration  of  Ventilation 

Information  regarding  the  duration  of  ventilation  is  com- 
plicated by  the  differential  incidence  of  intubation  and  non- 
standard reporting.  Only  Kramer  et  al"*  directly  report  the  dura- 
tion of  ventilator  use.  They  found  no  significant  difference 
between  groups  (8.8  ±  3.9  days  for  controls  vs  8.7  ±  3.6  for 
NPPV),  even  in  the  COPD  subgroup,  hi  the  studies  of  Kramer 
et  aH  and  Brochard  et  al,-  patients  who  failed  NPPV  and 
required  intubation  had  a  longer  duration  of  ventilation  than 
intubated  control  patients. 

Duration  of  ICU  stay  or  duration  of  hospital  stay  may  serve 
as  a  surrogate  for  duration  of  ventilation.  Brochard  et  al-  found 
a  significantly  longer  duration  of  hospital  stay  in  the  COPD 
control  population  while  Wysocki  et  al*  found  a  nonsignif- 
icant increase  in  ICU  length  of  stay  in  non-COPD  controls. 
Kramer  et  aH  found  no  increase  in  hospital  stay  in  their  con- 
trol population. 

Complications 

Brochard  et  al-  prospectively  determined  the  incidence 
of  a  variety  of  complications  and  found  that  NPPV  in  COPD 
was  associated  with  a  relative  risk  of  0.42  (95%  CI  0.21-0.82) 
for  complications. 


Conclusions 


Level-1  Evidence 


Based  on  standard  guidelines  to  distinguish  useful  from 
useless  or  harmful  therapy,  Level-1  evidence  of  efficacy  for 
NPPV  in  prevention  of  respiratory  failure  and  death  in  COPD 
patients  exists."  '-  Three  randomized  control  trials.-"*  with 
a  total  of  176  patients,  several  other  randomized  control  tri- 
als published  in  abstract  form,  and  a  consistent  pattern  in  non- 
randomized studies.'**  support  efficacy.  The  differences 
between  NPPV  and  control  patients  are  clinically  relevant 
and  statistically  significant.  To  prevent  1  death  in  COPD 
patients,  the  NNT  ranges  from  5-15  patients.  The  NNT  to 
prevent  intubation  and  mechanical  ventilation  is  only  2  to 
3  patients. 

In  contrast,  no  Level-1  evidence  exists  for  the  benefit  of 
NPPV  in  non-COPD  patients.  The  group  studied  by  Wysocki 
et  al^  was  heterogeneous  and  potential  benefit  in  subgroups 
may  be  present.  The  benefit  found  by  Wysocki  et  al  in  the  sub- 
group of  patients  with  an  elevated  Paco:  needs  to  be  prospec- 
tively studied.  Prospective  randomized  studies  of  other  more 
homogeneous  groups,  based  on  factors  such  as  cause  of  acute 


respiratory  failure,  need  to  be  performed  before  NPPV  can 
be  accepted  for  these  disorders.  Although  the  underlying  cause 
of  acute  respiratory  failure  (eg,  cardiogenic  pulmonary  edema, 
pneumonia,  laryngeal  obstruction)  did  not  distinguish  between 
success  and  failure  in  the  study  of  Wysocki  et  al.*  other  series 
suggest  better  results  in  certain  groups. 

Qualifications  Regarding  Results 

Several  important  criticisms  of  the  Brochard  et  al-  can  be 
voiced.  Only  31%  of  COPD  patients  were  actually  randomized. 
A  study  by  Meduri's  group'  also  found  that  only  approximately 
24%  of  patients  had  a  trial  of  NPPV  when  used  as  first-line 
therapy  for  acute  respiratory  failure.  Therefore,  although  NPPV 
was  successful  in  the  patients  studied,  a  large  subgroup  of 
COPD  patients  was  excluded.  In  addition,  only  59/85  (69%) 
of  the  patients  in  Brochard' s  study  received  ;8-agonist  bron- 
chodilators.  which  should  be  first-line  therapy  in  patients  with 
acute  exacerbation  of  COPD.  Of  the  patients  studied.  24% 
were  intubated  within  the  first  hour,  despite  the  exclusion  cri- 
teria of  need  for  immediate  intubation.  Of  all  candidates,  27% 
had  already  been  excluded  for  this  reason.  The  control  group 
contained  a  disproportionate  number  of  patients  intubated 
within  the  first  hour.  Also,  the  mean  duration  of  ventilation 
was  excessive  in  the  patients  who  were  intubated.'  '^  Control 
patients  were  ventilated  for  17  days  compared  to  25  days  for 
NPPV  failures, 

Brochard  et  al-  did  note  a  higher  Simplified  Acute  Phys- 
iology Score  (SAPS)  in  patients  who  were  failures.  A  high- 
risk  subgroup  of  patients  may  exist  that  would  be  predicted 
to  have  a  prolonged  duration  of  mechanical  ventilation.  Sen- 
eff  et  al'  has  demonstrated  that  the  Acute  Physiologic  Score, 
which  is  similar  to  the  SAPS  score,  contributes  25%  of  the 
variability  in  duration  of  mechanical  \  entilation  of  all  intu- 
bated patients.  An  additional  10%  is  predicted  by  other  dis- 
ease-specific variables,  such  as  Paco;.  respiratory  rate,  and 
PaOj/Fio;.  Because  the  underlying  disease  contributed  to  44% 
of  the  variability,  the  SAPS  and  other  acute  physiology  scores 
may  have  even  greater  value  for  predicting  the  duration  of 
mechanical  ventilation  in  a  population  with  a  single  cause  of 
respiratory  failure,  such  as  that  of  Brochard  et  al.-  Therefore, 
patients  with  more  severe  illnesses  as  reflected  by  SAPS  or 
APACHE  scores  would  be  predicted  to  have  higher  duration 
of  mechanical  ventilation.' 

In  the  study  by  Kramer  et  al."*  the  duration  of  ventilation 
was  more  appropriate  with  controls  receiving  6.4  days  of 
mechanical  ventilation  and  NPPV  patients  receiving  7.6  days 
of  intervention.  This  is  more  consistent  with  the  APACHE 
III  database. '  It  is  interesting  to  note  that  length  of  stay  was 
not  significantly  different  between  patients  who  received 
NPPV  and  those  randomized  to  standard  therapy  and  that 
hospital  charges  were  equal.  Bott  et  al'  also  found  that  the 
length  of  stay  was  not  significantly  different.  Patients  were 
discharged  on  NPPV  in  several  studies,  confounding  anal- 
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ysis  of  duration  of  ventilation.  The  significant  center  effect 
found  in  the  study  of  Bott  et  af  suggests  that  either  famil- 
iarity with  NPPV  or  different  patient  populations  can  affect 
the  benefit  of  NPPV. 

Further  Research 

Disease  Categories 

Substantial  unresolved  issues  regarding  NPPV  in  COPD 
patients  remain.  The  present  data  clearly  suggest  that  some 
subgroups  of  patients  may  be  more  responsive  to  NPPV  than 
others.  Patients  suffering  from  depressed  respiratory  drive, 
whether  on  the  basis  of  hypercarbic  encephalopathy  or  extrin- 
sic respirator)'  depressants,  probably  can  be  successfully  treated 
with  NPPV.  In  addition,  patients  in  whom  work  of  breath- 
ing is  excessive,  either  from  airway  obstruction  or  the  mechan- 
ical disadvantages  caused  by  auto-PEEP.' '  should  improve 
with  the  NPPV.  It  is  unclear  whether  NPPV  allows  adequate 
rest  for  respiratory  muscles  if  the  patient  has  progressed  to 
the  point  of  true  fatigue.  This  may  explain  some  of  the  pro- 
longed ventilation  in  patients  who  are  NPPV  failures.-  It  is 
also  unclear  whether  mask  CPAP  alone  would  have  the  same 
results  as  has  NPPV.  Mask  CPAP  has  had  an  8 1  %  success 
rate  in  small  studies  of  COPD  patients.'  possibly  related  to 
decreased  work  of  breathing  and  relief  of  auto-PEEP. 

Observational  studies  of  specific  subgroups  other  than 
COPD  including  asthma,'-*  postoperative  respiratory  failure.'^ '" 
congestive  heart  failure/cardiogenic  pulmonaiy  edema.'^  com- 
munity-acquired pneumonia."  and  postextubation  respiratory 
failure'  have  been  published.  There  are  limited  case  control 
and  cohort  data  among  these,  but  randomized  control  trial  of 
these  specific  disease  categories  are  lacking.  Pieliminary  results 
of  several  randomized  trials  have  been  presented,  so  further 
clarification  of  the  benefit  of  NPPV  in  specific  disease  cat- 
egories other  than  COPD  should  be  forthcoming. 

For  non-COPD  patients,  comparison  trials  with  mask  CPAP 
are  even  more  important.  Two  Level- 1  studies  of  mask  CPAP 
in  cardiogenic  pulmonary  edema  demonstrated  a  significant 
benefit."*  '■'  In  contrast,  a  preliminary  report  of  NPPV  in  car- 
diogenic pulmonary  edema  suggested  increased  risk  of 
myocardial  infarction  in  patients  randomized  to  NPPV.-" 
Therefore,  prospective  randomized  studies  of  mask  CPAP 
versus  NPPV  are  mandatory  if  NPPV  is  shown  to  be  of  ben- 
efit in  this  disorder. 

The  use  of  NPPV  in  patients  who  ha\e  chosen  not  to 
undergo  endotracheal  intubation  is  an  additional  issue.  Sev- 
eral patients  in  randomized  studies  elected  to  forgo  intuba- 
tion despite  the  need  for  this  support.'  Case  series  show  that 
many  of  these  patients  can  be  adequately  ventilated  tem- 
porarily.' Despite  this,  a  substantial  number  of  these  patients 
subsequently  die  during  that  hospitalization,  and  the  inap- 
propriate use  of  NPPV  may  add  significantly  to  the  cost  of 
terminal  care.-' 


Other  Outcomes 

Probably  the  most  important  unresolved  issue  is  the  cost- 
effectiveness  of  therapy.  Despite  avoiding  intubation  and 
mechanical  ventilation,  the  cost  may  not  be  signit'icandy  dif- 
ferent."" Although  time  spent  by  the  respiratory  therapist  is  prob- 
ably not  greater  for  NPPV  than  for  invasive  ventilation.^  it 
probably  is  not  less.  Because  not  all  control  patients  are  intu- 
bated, the  use  of  NPPV  may  increase  the  amount  of  time 
involved  in  the  care  of  patients. 

Other  reported  benefits  of  NPPV  need  to  be  snadied  prospec- 
tively. In  p;irticukir.  the  lower  incidence  of  pneumonia  reported 
in  several  studies  may  be  unrelated  to  NPPV.  NPPV  appears 
to  be  most  beneficial  in  patients  who  are  expected  to  have  a 
short  duration  of  mechanical  ventilation  even  if  intubated. 
Because  nosocomial  pneumonia  is  clearly  dependent  on  the 
duration  of  mechanical  ventilation,--  the  decreased  incidence 
of  pneumonia  found  in  NPPV  may  relate  only  to  selection  of 
patients  who  would  otherwise  have  short-tenn  intubation  and 
mechanical  ventilation. 

Exclusion  Criteria 

Exclusion  criteria  for  the  use  of  NPPV.  other  than  disease 
category,  have  not  been  well  developed.  Two  levels  of  exclu- 
sion can  be  suggested  from  the  literature  and  are  shown  in  Table 
3.  Most  of  the  studies  that  have  demonstrated  benefit  have 
excluded  patients  who  have  a  need  for  immediate  intubation. 
Although  the  definition  of  need  for  immediate  intubation  is 
nebulous,  it  appears  to  be  an  important  predictor  of  the  suc- 
cess of  NPPV.  Almost  all  investigators  suggest  that  an  unco- 
operative patient  is  a  poor  candidate  for  NPPV.  The  presence 
of  facial  trauma  or  bums  and  the  need  for  airway  protection 
appear  to  be  relatively  absolute  exclusions  for  NPPV.  Hemo- 
dynamic instability  with  either  hypotension  or  dysrhythmia 
is  a  near-absolute  contraindication  to  NPPV  and  falls  in  the 
category  of  need  for  immediate  intubation. 

Table  3.      Contraindications  to  Nonin\asi\e  Positi\'e  Pressure  Ventilation 

.Absolute  Contraindications 

Need  for  immediate  intubation 
Hemodynamic  instability 
Uncooperative  patient 
Facial  bums 
Facial  or  skull  trauma 
.Need  for  airway  protection 

Relative  Contraindications 
Extreme  anxiety 
Excessive  secretions 
Massive  obesity 
Most  adult  (acute)  respiratory  distress  syndrome  patients 


A  second  level  of  relative  exclusion  criteria  is  suggested 
from  the  literature  but  needs  validation  in  prospective  stud- 
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ies.  Extreme  anxiety  may  be  related  to  the  sense  of  dyspnea. 
A  trained  team  approach  and.  rarely,  the  use  of  short-acting 
sedatives  might  allow  these  patients  to  be  successfully  treated 
with  NPPV.  Excessive  secretions  are  also  a  relative  contra- 
indication because  of  the  difficulty  of  coughing  against  pos- 
itive pressure.  Patients  have  either  been  excluded  based  on 
the  presence  of  excessive  secretions  or  unsuccessful  treatment 
with  NPPV  has  been  blamed  on  excessive  secretions.  Use  of 
full  face  masks  may  lead  to  more  problems  with  secretions 
than  does  the  use  of  nasal  masks,  but  this  has  not  been  stud- 
ied prospectively.  Massive  obesity  is  suggested  to  be  a  rel- 
ative contraindication.  However,  the  extensive  experience  with 
nasal  CPAP  in  patients  with  obstructive  sleep  apnea  suggests 
that  obesity  may  not  be  an  absolute  contraindication  and  that 
careful  titration  may  in  fact  allow  successful  use  of  NPPV. 
Among  non-COPD  causes  of  acute  respiratoi7  failure,  patients 
with  acute  respiratory  distress  syndrome  ( ARDS)  have  rou- 
tinely done  poorly.  Because  the  average  duration  of  mechan- 
ical ventilation  for  ARDS  patients  is  >  10-14  days,  NPPV 
should  not  be  attempted  unless  a  rapidly  reversible  form  of 
ARDS.  such  as  uncomplicated  fat  emboli  syndrome  or  leukoag- 
gluthiin  transfusion  reactions,  is  present. 

Methods  of  Providing  NPPV 

Successful  NPPV  has  been  accomplished  with  both 
nasal''-''"*  and  full  face  masks-  '*"*-'  and  with  both  volume- 
cycled--''  and  pressure-cycled  ventilators.- ■"'**''"*-^  A  small 
randomized  study-""  suggests  that  pressure-cycled  ventilation 
may  be  equally  efficacious  and  better  tolerated.  A  randomized 
sOidy  of  nasal  versus  full  face  mask  ventilation  is  cle;irly  needed. 

Weaning  from  NPPV  can  follow  one  of  two  methods.  Either 
progressively  longer  periods  of  time  off  NPPV  or  a  progressive 
decrease  in  the  pressure  support  level  can  be  used.  This  has 
not  been  prospectively  studied.  Weaning  methods  may  depend 
on  the  underlying  disease  and  reason  for  respiratory  failure. 
A  progressive  decrease  in  pressure  support  level  may  be  more 
important  for  patients  who  have  hypoxic  failure  or  causes  other 
than  COPD.  If  the  underlying  problem  and  the  potential  need 
for  invasive  mechiuiical  ventilation  are  relieved  in  a  short  peritxJ 
of  time,  weaning  from  NPPV  may  significantly  prolong  ICU 
stay.  Conversely,  NPPV  has  been  shown  in  uncontrolled  stud- 
ies to  salvage  patients  who  are  extubation  failures.^ 

Monitoring 

The  criteria  for  failure  or  success  of  a  trial  of  NPPV  have 
not  been  prospectively  identified.  Our  group^  found  that  suc- 
cess correlates  with  improvement  in  an  luterial  bloixi  gas  value. 
particularly  a  drop  in  Pco:  1  -2  hours  after  initiation  of  NPPV. 
Kramer  et  aH  found  much  slower  improvements  in  blood  gas 
values,  even  in  successful  trials  of  NPPV.  Respiratoiy  rate  also 
appears  to  be  a  significant  predictor  of  the  success  of  non- 
invasive ventilation.  Patients  whose  respiratory  rate  drops  into 


the  low  20s  or  less  are  likely  to  have  a  successful  trial  of  NPPV. 
The  exhaled  tidal  volume  may  be  an  important  predictor  of 
success.  Brochai'd  et  aP  demonstrated  that  increasing  the  pres- 
sure support  level  to  20  cm  HiO  resulted  in  significant  increases 
in  tidal  volume  and  decreases  in  respiratory  rate.  Other  cri- 
teria are  patient  comfort  and  synchrony  with  the  ventilator. 
Inability  to  synchronize  may  actually  increase  work  of  breath- 
ing and  auto-PEEP.  Synchrony  can  be  assessed  only  at  the  bed- 
side by  trainetl  observers.  The  leak  from  the  mask  should  also 
be  monitored,  particularly  with  the  use  of  pressure  support. 
If  a  considerable  leak  occurs,  the  pressure  support  off-trig- 
gering mechanism  may  not  be  activated,  and  the  patient  essen- 
tially experiences  CPAP  at  the  set  level  of  pressure  support. 

Prospective  studies  of  possible  predictors  of  success  and 
appropriate  timing  of  NPPV  are  needed.  Detemiination  of  indi- 
cators of  the  need  to  abort  a  trial  of  NPPV  and  intubate  the 
patient  may  avoid  the  prolonged  ventilator  dependence  of 
NPPV  failures  found  in  some  studies.  In  addition,  further  stud- 
ies are  needed  to  determine  the  appropriate  target  measure- 
ment (blood  gas  values,  respiratory  rate,  or  exhaled  tidal  vol- 
ume) and  level  for  titration  of  NPPV. 

The  level  of  monitoring  required  determines  the  sites  at 
which  NPPV  can  be  provided.  NPPV  has  been  successfully 
peifomied  in  step-down  units  as  well  as  in  intensive  care  units. 
The  requirements  for  sophisticated  monitoring  suggest  that 
NPPV  not  be  performed  in  a  routine  care  area  of  the  hospi- 
tal unless  the  level  of  support  and  expertise  of  respiratory  erne 
practitioners  allows  the  necessary  monitoring.  Requirements 
for  higher  levels  of  care  affect  the  cost-effectiveness  of  NPPV. 

Other  Research 

Several  additional  reported  benefits  of  NPPV  need  to  be 
explored.  Day  et  al'"  showed  that  rapid  reversal  of  infiltrates 
visible  on  chest  radiograph  occuired  with  NPPV,  suggest- 
ing that  atelectasis  had  been  present.  However,  once  again, 
mask  CPAP  has  already  been  proven  to  be  a  benefit  in  this 
condition  in  a  randomized  controlled  trial.-'*  Also,  Pollack  et 
al-'  have  demonstrated  increased  bronchodilator  delivery  in 
a  randomized  controlled  trial  of  NPPV  in  the  emergency  room. 
This  factor  may  play  a  role  in  the  demonstrated  benefit  in 
COPD  patients. 

In  Summary 

NPPV  has  been  demonstrated  to  decrease  the  incidence 
of  intubation  and  is  associated  with  a  lower  mortality  rate  in 
patients  with  exacerbations  of  COPD.  The  use  of  NPPV  for 
COPD  exacerbations  should  no  longer  be  considered  exper- 
imental and  can  be  considered  appropriate  for  routine  clin- 
ical practice  in  centers  with  expertise  in  its  application. 

At  the  present  time,  the  benefit  of  NPPV  remains  to  be 
proven  in  patients  with  impending  respiratory  failure  from 
other  causes.  Although  observational  studies  have  reported 
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on  NPPV  in  many  of  these  disorders,  at  this  time  ( 1996),  we 
need  well-executed  randomized  trials  designed  to  answer  the 
question.  Is  NPPV  better  than  endotracheal  intubation  and 
inechanical  ventilation  tor  these  conditions?  Completion  and 
publication  of  several  randomized  studies  already  reported 
in  preliminary  form  should  begin  to  clarify  other  indications 
for  NPPV. 

Ongoing  research  is  required  on  the  appropriate  delivery 
mechanisms  for  NPPV.  exclusion  criteria,  and  monitoring. 
The  potential  benefits  of  NPPV  in  acute  respiratory  failure 
appear  to  be  great  if  the  findings  of  uncontrolled  studies  are 
realized  in  randomized  controlled  trials. 

Nocturnal  NPPV  For  Chronic 
Respiratory  Failure 

Introduction 

One  of  the  best  established  indications  for  NPPV  is  the  use 
of  nocturnal  nasal  ventilation  for  patients  with  chronic  symp- 
tomatic hypoventilation.  During  the  late  1980s,  a  number  of 
studies  were  published  supporting  the  effectiveness  of  this 
application.-'^"  None  of  these  studies  was  controlled  and  most 
had  few  patients,  but  they  consistently  demonstrated  improve- 
ments in  daytime  CO:  retention,  oxygenation,  and  symptoms, 
such  as  morning  headache  and  daytime  hypersomnolence.  In 
these  studies,  nasal  masks  connected  to  portable  volume-lim- 
ited positive  pressure  ventilators  were  used. 

Neuromuscular  &  Chest-Wall  Disorders 

The  studies  of  the  1980s,-''  "  reported  primarily  the  expe- 
rience with  slowly  progressive  neuromuscular  dist)rders  and 
chest-wall  deformities.  The  unanimously  favorable  results  led 
to  a  reluctance  on  the  part  of  investigators  to  formulate  ran- 
domized prospective  trials,  given  the  concern  that  this  almost 
certainly  effective  therapy  would  have  to  be  randomly  v\  ith- 
held  from  ill  patients  who  could  be  harmed  by  a  delay  in  ini- 
tiation. As  an  alternative  approach,  two  groups  of  investigators 
temporarily  w  ithhcld  nocturnal  nasal  ventilation  from  patients 
who  had  previously  been  stabilized  using  it.'^  "'  During  the 
period  of  vv  ithdravv  al.  both  groups  demonsirateil  a  ileterioration 
in  nocturnal  gas  exchange  with  reductions  in  oxyhemoglobin 
saturation,  increases  in  transcutiineous  carbon  dioxide  tensions, 
and  vvoiNcning  symptoms.  Tliis  deterioration  was  re\  ersed  uixm 
reinsiitution  of  nocturnal  nasal  ventilation.  One  of  the  stud- 
ies'^ also  noted  a  deterioration  in  sleep  quality  upon  withdrawal. 
These  and  the  earlier  uncontrolled  studies  have  led  to  a  gen- 
eral acceptance  that  nocturnal  ventilatory  assistance  is  effec- 
tive in  patients  with  symptomatic  chronic  respiratory  failure 
due  to  neuromuscular  disease  or  chest-vv  all  deformity.  Con- 
sidering the  greater  ease  of  administration  of  NPPV  and  poten- 
tial reduction  in  complication  rates  relative  to  inv  asive  po.s- 
itive  pressure  ventilation,  we  believe  that  manv  practitittners 


consider  NPPV  the  modality  of  choice  for  support  of  such 
patients  who  require  only  nocturnal  ventilatory  assistance  and 
are  capable  of  adequately  protecting  their  airway. 

Debate  continues  on  the  optimal  time  for  initiation  of  NPPV 
for  chronic  respiratory  failure  and  whether  NPPV  is  as  effec- 
tive as  invasive  positive  pressure  ventilation  in  prolonging 
survival.  One  recent  randomized  prospective  trial  from  France* 
examined  the  hypothesis  that  prophylactic  initiation  of  NPPV. 
before  the  development  of  daytime  CO^  retention  or  symp- 
toms, would  slow  the  progression  of  neuromusculai'  disease. 
Patients  with  Duchenne  muscular  dystrophy  were  random- 
ized to  receive  prophylactic  nocturnal  nasal  NPPV  or  no  ven- 
tilation. A  surprising  outcome  of  this  study  was  the  finding 
that  mortality  increased  in  the  group  using  nasal  ventilation. 
The  authors  surmised  that  the  ventilator  increased  mortality 
by  giving  patients  a  false  sense  of  security,  causing  them  to 
delay  seeking  medical  attention  after  developing  respiratory 
infections  and  then  succumbing  to  secretion  retention.  How- 
ever, numerous  Haws  in  the  study  raise  doubts  atxiut  the  valid- 
ity of  these  mortality  findings.  Nonetheless,  we  believe  that 
few  practitioners  currentK  hcild  that  prophylactic  initiation 
of  NPPV  has  any  utility.  Further,  it  has  been  our  observation, 
and.  we  believe  most  practitioners  agree,  that  attaining  patient 
cooperation  and  compliance  with  the  use  of  NPPV  is  diffi- 
cult in  the  absence  of  symptoms. 

The  question  of  effects  on  long-term  survival  has  recently 
been  addressed  in  two  large  follow-up  studies.-" "'-  Both  show 
excellent  long-term  results  in  patients  with  post-polio  syn- 
drome and  kyphoscoliosis,  but  rates  of  NPPV  continuation 
were  much  lower  in  patients  with  COPD.  Although  there  was 
no  unventilated  control  group  in  these  long-term  stiulies.  the 
results  compare  favorably  with  those  of  a  similar  lollovv  -up 
study  pert'omied  by  one  of  the  same  groups  on  patients  treated 
with  inv  asive  positive  pressure  ventilation. ■*'  Thus  it  appears 
that  NPPV  is  effective  in  assisting  ventilation  for  the  long  term 
in  appropriate  patients,  that  sur\  iv  al  is  almost  certainly  pro- 
longed, and  that  confiniiatory  controlled  trials  are  likely  never 
to  be  done. 

Chronic  Obstructive  Pulmonary  Disease 

Results  of  studies  on  use  of  NPPV  in  patients  with  chronic 
icspiratt)ry  failure  due  to  COPD  have  been  much  more  mixed 
ihan  those  on  patients  with  restrictive  thoracic  disease.  An  early 
uncontrolled  siudy^  showed  improvement  in  gas  exchange 
and  symptoms  in  6  patients  vv  ith  chronic  CO:  retention  due 
to  COPD,  but  subsequent  controlled  studies  have  shown  con- 
nicting  lesults.  Sutimpf  et  aV^  riuidomizcd  19  patients  to  receive 
ventilatory  assistance  using  the  BiPAP  device  via  a  nasal  ma.sk 
or  standard  therapy.  Only  7  patients  completed  the  .^-month 
crossover  trial,  vv  ith  ."^  patients  dropping  out  due  to  mask  intol- 
erance. No  significant  improvements  were  found  in  daytime 
pulmonarv  fimction  or  blood  gas  values,  treadmill  walking 
time,  symptom  scores,  or  sleep  quality.  Neuropsychological 
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testing  revealed  a  minimal  impiin ement  that  was  unexplained 
physiologically.  Subsequently.  Meecham-Jones  et  al*  reported 
a  trial  of  almost  identical  design  on  18  patients  who  had 
improv  ements  in  da\  time  blood  gas  values,  indicators  of  qual- 
ity of  life,  and  total  sleep  time,  after  3  months  of  BiPAP  ven- 
tilation. Patients  in  the  Meecham-Jones  study  had  substan- 
tially higher  initial  ailerial  CO:  tension  (57  vs  47  toiT)  despite 
having  less  airway  obstruction  (FEVi  801  vs  560  mL).  In  addi- 
tion, patients  in  the  Meecham-Jones  stud\  had  progressive 
nocturnal  CO2  retention  and  o.\yhemoglobin  desaturation  that 
was  not  seen  in  the  Strumpf  study.  This  raises  the  possibil- 
ity that  COPD  patients  with  severe  CO:  retention  (>  55  ton) 
and  sleep  disordered  breathing  may  constitute  a  subgroup  apt 
to  respond  to  NPPV. 

As  yet.  however.  2  subsequent  controlled  studies  have  failed 
to  confirm  this  possibility.  Gay  et  al"*'  screened  85  patients 
with  severe  CO2  retention  and  eliminated  all  but  13  because 
they  declined  entry,  had  concomitant  severe  illness,  or  spon- 
taneously improved  during  a  pre-entry  observation  period. 
The  1 3  were  randomized  to  receive  NPPV  or  standard  ther- 
apy for  3  months.  Only  4  of  the  7  randomized  to  receive  NPPV 
(mean  PaCO:-  55  torr)  completed  the  trial,  and  no  significant 
improvement  was  detected  in  these  patients.  More  recently, 
Lin"***  performed  an  in-patient  crossover  trial  on  severe  COPD 
patients  with  marked  CO:  retention  (mean  P^co;  5 1  ton).  He 
found  no  improvements  in  daytime  gas  exchange,  functional 
stauis.  or  symptom  scores  after  a  2-week  period  of  NPPV  com- 
pared to  supplemental  oxygen  alone.  Conclusions  are  lim- 
ited by  the  small  number  of  patients  and.  in  the  latter  study, 
the  brief  duration  of  NPPV  that  w  as  likely  too  short  for  ade- 
quate adaptation. 

In  Summary 

Some  evidence  suggests  that  patients  with  severe  CO:  reten- 
tion and  nocturnal  oxyhemoglobin  desaturation  may  respond 
favorably  to  nocturnal  nasal  NPPV.  and  a  trial  may  be  war- 
ranted in  such  patients.  On  the  other  hand,  the  reported 
impro\  ements  lue  minimal  and  acceptance  of  NPPV  by  COPD 
patients  has  generally  been  poor,  in  contrast  to  that  of  patients 
with  neuromuscular  disease.  At  best,  it  appears  that  a  rela- 
tively small  minority  of  COPD  patients  may  stand  to  bene- 
fit from  NPPV.  Well-designed  trials  on  larger  patient  pop- 
ulations are  clearlv  needed. 
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Introduction 

The  delivery  of  positive  pressure  ventilation  (PPV)  via  nasal 
and  oral-nasal  interfaces  (ie.  noninvasive  positive  pressure 
ventilation,  or  NPPV)  is  now  being  widely  explored  as  a  means 
to  eliminate  the  need  to  intubate  patients  in  acute  respiratory 
failure.  However,  it  may  be  inadequate  when  patients  are  in 
respiratory  failure  due  to  severe  lung  disease.  Such  patients 
often  have  concomitant  medical  conditions  and  complicated 
courses  and  require  supplemental  oxygen.  It  has  been  sug- 
gested that  supplemental  oxygen  and  medications  that  depress 
hypoxic  and  hypercapnic  ventilatory  dri\  e  may  decrease  the 
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effectiveness  of  the  use  of  open  systems  like  nasal  NPPV  dur- 
ing sleep.'  Tlie  circumstances  under  which  NPPV  is  cost-effec- 
tive in  allaying  acute  respiratory  failure  in  the  critical  care  unit 
remain  to  be  seen.  On  the  other  hand,  nasal  NPPV  was  not 
used  initially  to  treat  patients  with  primary  lung  disease  but 
rather  as  ventilatory  assistance  for  patients  with  ventilatory 
pump  failure.-  In  this  paper.  I  consider  the  use  of  NPPV  and 
other  inspiratory  and  expiratory  muscle  aids  to  prevent  pul- 
monary complications  and  respiratory  failure  in  patients  w  ith 
inspiratory  and  expiratory  muscle  dysfunction.  In  my  expe- 
rience, many  such  patients  have  gone  on  to  require  24-hour 
ventilatory  support  vv ithout  ever  being  hospitalized  or  under- 
going tracheostomy. 

Patient  &  Problem  Definition 

The  hypoxemia  of  patients  with  neuromuscular  conditions 
and  uncomplicated  ventilatory  insufficiency  arising  from  res- 
piratory muscle  dysfunction  can  be  con'ccted  sufficiently  to 
normalize  oxyhemoglobin  saturation  without  resort  to  sup- 
plemental oxygen.  The  most  common  diagnoses  of  patients 
amenable  to  this  approach  are  provided  in  Table  I .  Although 
patients  with  uncomplicated  inspiratory  and  expiratory  mus- 
cle failure  can  be  managed  using  noninvasive  respiratory  mus- 
cle aids  alone,  this  is  not  necessarily  the  case  for  patients  with 
intrinsic  lung  disease  nor  for  patients  with  severe  bulbar  mus- 
cle weakness  who  can  have  chronic  aspiration  of  upper  air- 
way secretions  and  whose  oxyhemoglobin  saturation  levels 
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may  noi  be  normalized  without  supplemental  oxygen.  Only 
patients  with  uncomplicated  respiratory  muscle  failure  are  con- 
sidered here. 

Table  1 .      Common  Neuromusculoskeletal  Conditions  with  Functional 
Bulbar  Musculature,  Leading  to  Ventilatory  Failure 

Myopathies — all  generalized  myopathies  including  the  muscular 

dystrophies 
Neurologic  Disorders 

Motor  neuron  diseases  including  spinal  muscular  atrophy  types  2 
and  3.  motor  neuron  diseases,  and  poliomyelitis 

Generalized  neuropathies  and  phrenic  neuropathies 

Guillain-Barre  syndrome 

Multiple  sclerosis 

Disorders  of  supraspinal  tone  such  as  Friedreich's  ataxia 

Myelopathies  of  any  etiology 

Tetraplegia  associated  with  pancuronium  bromide  anesthesia 
Sleep-Disordered  Breathing 

Obesity  hypoventilation 

Central  and  congenital  hypoventilation  syndromes 

Familial  dysaulonomia 
Skeletal  Pathology 

Kyphoscoliosis 

Osteogenesis  imperfecta 


Unless  they  are  benefiting  from  the  use  of  respiratory  mus- 
cle aids,  patients  with  neuromuscular  conditions  character- 
ized by  progressive  muscle  weakening  ine\itably  develop  acute 
respiratoi7  failure.  In  my  experience,  this  usually  occurs  dur- 
ing intercurrent  upper  respiratory  tract  infections  (unpublished 
data)  and  results  in  hospitalization,  intubation,  mechanical 
ventilation  and — after  ventilator  weaning  fails — in  tracheotomy. 
I  have  found  this  process  usually  to  involve  about  2  months 
of  intensive  care. 

Although  many  centers  have  been  making  attempts  to  non- 
invasively  maintain  ventilatory  function  in  the  acute  care  set- 
ting, difficulties  in  clearing  airway  secretions  appear  to  be  the 
main  reason  for  acute  respiratory  failure,  for  pneumonia,  and, 
ultimately,  for  failure  to  wean  from  the  ventilator.  Despite  the 
fact  that  the  expiratory  muscles  have  been  reported  to  be  weaker 
than  the  inspiratory  muscles  in  many  neuromuscular  condi- 
tions,-" '  and  their  function  is  critical  for  airway  secretion  clear- 
ance, I  have  observed  few  attempts  to  assist  their  function.  1 
have  found  that  although  cough  can  usually  not  be  assisted 
for  patients  with  lung  and  airways  diseases  who  usually  have 
functional  expiralt)i"y  muscles,  cough  can  he  assisted  and  petik 
cough  fiows  (PCF)  greatly  increased  for  patients  with  nomial 
lung  and  airway  tissues  who  suffer  from  neuromuscuhir  con- 
ditions. I  have  demonstrated'-  that  the  abilitv  to  generate  PCF 
>  1 80  L/min  is  the  most  important  factor  in  peniiitting  the  24- 
hour  long-term  use  of  NPPV  as  an  alternative  to  ventilation 
via  tracheostomy  for  patients  w  ith  amyotrophic  lateral  scle- 
rosis;'- and.  independent  of  any  ability  to  breathe,  the  abil- 
ity to  generate  PCF  >  160  L/min  can  predict  successful  tra- 
cheal extubation  and  tracheostomv  lube  decannulation  and 


transition  to  NPPV  as  necessary."  Thus,  the  ability  to  assist 
the  expiratory  muscles  to  increase  cough  flows  can  be,  at  least, 
as  important  as  assisting  the  inspiratory  muscles  to  maintain 
alveolar  ventilation. 

The  Respiratory  Muscle  Aids 

The  respiratory  muscles  can  be  aided  by  manually  or 
mechanically  applying  forces  to  the  body  or  intermittent  pres- 
sure changes  to  the  airway. 

Aids  that  Act  on  the  Body 

Body  ventilators,  including  negative  pressure  body  ven- 
tilators, act  on  the  body.  We  have  reported''^"  on  their  use 
during  tracheostomy-site  closure  for  patients"  being  decannu- 
lated  and  switched  to  NPPV  for  ventilatory  support.  In  addi- 
tion, they  can  be  useful  temporarily  to  support  patients  with 
nasal  congestion  during  upper  respirator)  tract  infections  and 
can  also  support  small  children  with  ventilatory  muscle  fail- 
ure due  to  spinal  muscular  atrophy  and  other  severe  infan- 
tile neuromuscular  diseases.  However,  we"'  have  found  them 
to  be  less  versatile  and  generally  less  effective  than  NPPV. 
and  we  do  not  consider  them  practical  for  daytime  aid.  Be- 
cause we'^  have  found  their  use  to  be  associated  with  frequent 
oxyhemoglobin  desaturations  due  to  obstructive  sleep  apneas, 
1  will  not  discuss  body  ventilators  further  and  refer  the  reader 
to  another  source.""' 

Intermittent  abdominal  pressure  ventilator  (lAPV)  use  can 
be  practical  for  daytiine  ventilatory  support.  It  consists  of 
an  air  sac  located  in  an  abdominal  binder.  The  sac  is  inter- 
mittently inflated  by  a  positive  pressure  ventilator.  This  com- 
presses the  abdominal  contents  and  moves  the  diaphragm, 
causing  a  forced  exsufflation.  During  passive  sac  deflation, 
the  abdominal  contents  and  diaphragm  fall  to  the  resting  posi- 
tion and  inspiration  occurs  passively.  Because  effectiveness 
of  the  device  depends  on  gravity,  the  user  must  sit  at  a  trunk 
angle  >  30°  from  the  horizontal.  If  the  patient  has  any  inspi- 
ratory capacity  or  is  capable  of  glossopharyngeal  breathing 
(GPB),  he  or  she  can  add  autonomous  tidal  volumes  to  the 
mechanically  assisted  inspirations.  The  lAPV  generally  aug- 
ments tidal  volumes  by  about  300  mL,  but  we  have  measured 
volumes  as  high  as  l.2(X)  niL.'"  Patients  with  <  I  hour  of  ven- 
tilator-free breathing  ability  often  prefer  using  the  lAPV  while 
in  a  wheelchair  rather  than  using  NPPV.'*^  The  lAPV  may 
be  ineffective  in  the  presence  of  severe  scoliosis  or  obesity, 
but  it  continues  to  be  an  important  body  ventilator  because 
it  optimizes  appearance  and  convenience. 

A  noniial  cough  must  be  preceded  by  inspiration  or  insuf- 
flation to  about  85-90%  of  total  lung  capacity-"  followed  by 
the  development  of  thoracoabdominal  pressures  sufficient  to 
generate  PCF  >  6  L/s.-'--  Total  expiratory  volume  during  nor- 
mal coughing  is  about  2.3  ±  0.5  L.-'^  PCFs  decrease  and  may 
be  inadequate  to  eliminate  airway  secretions  as  respiratory 
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muscles  weaken.  When  the  expirator)'  muscles  are  weak,  they 
can  be  assisted  with  thnjsts  to  the  body  by  the  caregiver.  Nine 
methods  of  manually  assisted  coughing  have  been  described.-' 
For  patients  whose  vital  capacities  (VCs)  are  below  1.500  mL. 
it  is  important  first  to  provide  a  maximal  insufflation  before 
applying  the  abdominal  thrust.--*  The  goal  is  to  approach  nor- 
mal cough  \olumes  in  patients  with  low  VCs. 

Manually  assisted  coughing  has  been  demonstrated  to  sig- 
nificantly increase  PCF  for  ventilator  users  with  weak  expi- 
ratory muscles.  We  have  found  that  flows  >  180  L/min  can 
almost  always  be  attained  unless  bulbar  musculature  is  severely 
impaired.  I  believe  that  a  patient  with  ventilatory  pump  fail- 
ure whose  bulbar  muscle  dysfunction  is  not  so  severe  as  to 
require  an  indwelling  gastrostomy  tube  for  nutritional  sup- 
port does  not  require  a  tracheostomy  tube  for  ventilatory  sup- 
port iirespective  of  the  extent  of  ventilatory  muscle  dysfunction. 
The  effective  use  of  manually  assisted  coughing,  therefore, 
is  essential  for  permitting  long-term  ventilatory  support  by 
noninvasive  methods. 

Aids  that  Act  Directly  on  the  Airway 

NPPV  can  be  provided  even  for  24-hour  long-term  ven- 
tilatoiy  support.  Air  is  delivered  through  tlie  mouth  (Fig.  1  ),-'^-^ 
nose  (Fig.  I),-''-"'  or  mouth  and  nose,"''  via  appropriate  patient- 
ventilator  interfaces.  I  have  found  that  patients  almost  invar- 
iably prefer  the  nonin\asi\e  approach  to  mechanical  venti- 
lation over  ventilation  via  tracheostomy,  for  appearance, 
convenience,  comfort,  and  security,  and  for  facilitation  of 
speech,  swallowing,  and  sleep. '■*  In  my  experience,  the  use 
of  NPPV  can  reduce  the  cost  of  home  mechanical  ventilation 
by  eliminating  the  hospitalizations,  pneumonias,  and  other 
complications  associated  with  tracheostomy  PPV'^  and  by 
reducing  the  costs  associated  with  airway  suctioning  and  tra- 
cheostomy-site  care,  including  the  need  for  nursing  services.-'^ 

Although  lAPV  and  GPB  can  also  be  used  for  daytime  ven- 
tilatory support,  mouthpiece  NPPV  is  widely  used  and  is.  I 
believe,  the  most  important  method  of  noninvasive  daytime 
ventilatory  support  because  it  permits  the  user  to  vary  vol- 
umes easily  while  optimizing  convenience  and  appearance.'-* 
The  air  is  usually  delivered  to  the  patient  via  a  simple  mouth- 
piece affixed  to  motorized  wheelchair  controls.  A  telephone 
holder  or  a  flexible  metal  gooseneck  clamp  allows  easy  access 
by  minimal  neck  rotation  and  flexion.  Some  patients  prefer 
to  keep  a  small  flexed  mouthpiece  in  the  mouth  except  when 
eating.  My  group-''  has  reported  on  a  series  of  257  ventila- 
tor users  who  have  used  up  to  and  including  24-hour  mouth- 
piece NPPV  as  an  alternative  to  tracheostonn  PPV  for  a  mean 
of  13.2  ±12.2  years. 

'Air  stacking"  involves  taking  consecutive  ventilator-deliv- 
ered volumes  without  exhaling.  Patients  initially  are  taught 
air  stacking  as  'range-of-motion'  therapy  for  the  lungs  and 
chest  wall,  to  maximize  the  insufflation  capacity,  to  maintain 
pulmonary  compliance,  and  to  prevent  atelectasis.  The  goal 


Fig.  1.  A  72-year-old  high-level  acute  traumatic  tetraplegia  woman 
who  was  intubated  upon  hospital  admission.  She  was  extubated 
after  5  days  of  continuous  positive  pressure  ventilation  (PPV)  de- 
spite having  no  ventilator-free  breathing  ability  and  vital  capacity  < 
240  mL.  She  was  placed  on  continuous  mouthpiece  PPV. 
Although  she  was  warned  to  use  lipseal  retention  for  nocturnal 
ventilatory  support,  she  maintained  adequate  ventilatory  support 
during  sleep  by  using  a  simple  mouthpiece.  After  1  month  she 
weaned  to  nocturnal  only  aid,  which  she  continued  for  2  years. 


Fig.  2.  A  25-year-old  man  with  Duchenne  muscular  dystrophy  and 
severe  scoliosis  who,  because  of  lip  weakness  too  severe  to  allow 
him  to  use  a  mouth  piece,  used  24-hour  nasal  PPV  for  >  5  years. 
He  used  acrylic  low-profile  transparent  nasal  Interfaces  fabricated 
from  plaster  moulages.^' 
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is  to  approach  the  predicted  inspiratory  capacity.  The  max- 
imum volume  of  air  that  can  be  held  is  the  maximum  insuf- 
flation capacity  (MIC).  Air  stacl^ing  can  temporarily  improve 
dynamic  pulmonary  compliance  and  may  help  maintain  static 
lung  compliance."  The  higher  volumes  increase  both  unas- 
sisted and  assisted  PCF  and  permit  ihe  patient  to  raise  voice 
volume  as  needed.  Demonstration  of  the  patient's  ability  to 
air  stack  lets  the  clinician  know  that  the  patient  is  capable  of 
mouthpiece  and  nasal  NPPV  should  acute  ventilatory  failure 
develop.  In  my  experience,"*  intubated  patients  with  no  ven- 
tilator-free breathing  ability  but  whose  oxyhemoglobin  sat- 
uration is  essentially  normal  without  supplemental  oxygen 
and  who  have  learned  lo  air  stack  can  be  safely  extubated  and 
switched  directly  to  NPPV. 

Patients  w  hose  neck  or  lips  are  too  w  eak  lo  grab  a  mouth- 
piece usually  prefer  to  use  lui  lAPV  or  niisal  interlace  for  NPPV 
for  daytime  aid  rather  than  to  undergo  tracheotomy.  Nasal 
NPPV  is  now  also  the  nn)st  popuku-  method  of  nocturnal  \en- 
tilatory  support.  In  1981,-  as  an  alternative  lo  mouthpiece 
NPPV  for  French  muscular  dystrophy  patients,  NPPV  was 
delivered  via  nasal  interfaces  consisting  of  2  Foley  catheters. 
My  group-''  '**  subsequently  descnbed  nasal  NPPV  for  use  dur- 
ing sleep  by  patients  with  little  or  no  measurable  VC  or  ven- 
tilator-free breathing  ability.  Commercially  available  con- 
tinuous positive  airway  pressure  (CPAP)  masks  became 
available  for  the  treatment  of  sleep  disordered  breathing  in 
1984  and  were  soon  also  used  to  deli\er  nasal  NPPV.  Because 
these  interfaces  are  not  always  comfortable  or  leak  free  dur- 
ing nasal  NPPV,  custom-molded  varieties  have  been  devel- 
oped." With  the  many  CPAP  masks  now  on  the  market,  how- 
ever, it  is  becoming  increasingly  uncommon  lo  need  to  resort 
to  the  fabrication  of  custom  interfaces.  The  attributes  of  NPPV 
interfaces  are  summarized  in  the  Appendix. 

Strap-retained  oral-nasal  interfaces  have  been  a\  ailable  ft)r 
use  during  anesthesia,  and  a  new  strap-retained  oral-nasal  inter- 
face is  now  available  for  long-temi  nocturnal  venlilaton  sup- 
port (Respironics  Inc.  Murrysville  PA).  Strapless  oral-nasal 
interfaces  were  described  in  1989.'-  These  interfaces  not  only 
provide  an  essentially  airtight  seal  for  the  delivery  of  PPV. 
but  also  a  simple  tongue  thrust  is  all  that  is  necessaiy  to  expel 
them.  The  bite-plate  retention  is  also  important  for  ventila- 
tor users  living  alone  who  arc  unable  \o  don  straps  because 
of  inadequate  upper  extremity  function." 

Mechanical  insufflalion-exsuftlation  acts  directly  on  the 
airway  to  assist  or  substitute  for  expiratory  muscle  func- 
tion in  the  elimination  of  airway  secretions.  An  In-Exsuf- 
llator  (JH  Emerson  Co.  Cambridge  MA)  provides  an  insuf- 
flation that  can  he  delivered  via  any  upper  airv\a>  interface. 
most  often,  an  oral-nasal  interface  or  an  indwelling  transla- 
ryngeal  or  tracheostomy  tube.  This  is  followed  by  a  forced 
exsufflation  that  serves  as  an  expiratory  aid.  Insufflaiiim 
and  exsuftlation  pressures  are  indcpendenlK  adjusted  for 
comfort  and  effectiveness  in  the  range  of  +30  to  -i-50  cm 
H:0  and  -30  to  -50  cm  H:0.  The  insufflation  takes  place 


over  2-3  seconds.  The  pressure  change  to  exsufflation  occurs 
in  about  0.02  seconds  and  is  usually  sustained  for  several 
seconds.  An  abdominal  thrust  should  be  timed  to  the  exsuf- 
flation cycle,  especially  when  mechanical  insufflation-exsuf- 
flation  is  used  through  the  upper  airway.  Cycling  between 
positi\'e  and  negative  pressure  can  be  done  manually  or  auto- 
matically, depending  on  the  model  being  used.  The  man- 
ual cycling  feature  facilitates  caregiver-patient  coordina- 
tion of  inspiration  and  expiration  with  insufflation  and 
exsuftlation  but  requires  a  third  hand  when  one  wants  to 
deliver  a  concomitant  abdominal  thrust  or  if  an  additional 
hand  is  needed  to  secure  the  mask.  With  our  patients,  a  treat- 
ment consists  of  about  5  cycles  of  insufflation-exsufflation 
followed  by  a  period  of  normal  breathing  or  ventilator  use 
for  20  to  30  seconds  to  avoid  hyperventilation.  The  treat- 
ments continue  until  no  further  secretions  are  expelled  and 
can  be  repeated  every  5-10  minutes  as  needed. 

1  have  found  that  decreased  VC.  pulmonary  flow,  and  oxy- 
hemoglobin saturation  return  to  baseline  levels  when  mucus 
plugs  are  cleared.-''  An  early  study"  reported  marked  increases 
in  VC  for  patients  with  bronchiectasis,  asthma,  and  pulmonary 
emphysema,  .^n  increase  in  VC  of  l5-429f  was  also  noted 
immediately  following  treatment  in  67  patients  w  ith  ■'obstruc- 
tive dyspnea"  and  a  55%  increase  in  VC  was  noted  follow- 
ing mechanical  insufflation-exsufflation  in  congested  patients 
with  neuromuscular  conditions.-"'  I  have  observed  15-300% 
impnnement  in  VC  and  norrnali/ation  of  oxyhemoglobin  sat- 
uration for  acutely  ill  neuromuscular  ventilator  users. -■*  An 
early  study"  demonstrated  the  device's  efflcacy  when  it  was 
applied  by  oral-nasal  mask  to  animals.  I  have  observed  that 
mechimical  insufflation-exsufflation  applied  \ia  ;m  endotracheal 
or  tracheostomy  tube  eliminates  secretions  without  the  air- 
way  irritation  and  discomfort  caused  by  tracheal  suctioning, 
and  patients  in\  ariahly  prefer  it  to  tracheal  suctioning. 

In  our  practice,  mechanical  insufflation-exsufflation  has 
permitted  us  lo  extuhate  neuromuscular  patients  following 
general  anesthesia,  despite  their  has  ing  little  or  no  sentila- 
tor-free  breathing  ability  and  to  convert  them  to  NPPV.  It  also 
permits  us  to  avoid  intubation  or  quickly  to  extubate  neuro- 
muscukir  patients  with  profuse  airway  secretions  in  acute  res- 
piratory failure  during  intercurrent  respiratory  tract  infections. 
It  can  be  an  important  part  of  an  outpatient  protocol  to  pre- 
\ent  pulmonary  complications  and  respiratory  failure. 

Except  for  intercostal  muscle  strain  in  patients  w  ho  have 
not  been  receiving  regular  deep  insufflations  and  for  w  hom 
insufflation  pressures  are  increased  suddenly,  no  complica- 
tions have  been  reported  with  the  use  of  mechanical  insuf- 
flation-exsufflation. Colebatch  in  an  eariy  paper*-  noted  that 
because  the  negative  pressure  applied  to  the  airways  is  anal- 
ogous to  positive  pressure  on  the  surface  of  the  lungs  during 
a  normal  cough,  it  is  improbable  that  this  negative  pressure 
can  be  more  detrimental  to  the  lungs  than  normal  cough  pres- 
sure. Bickerman-"  found  no  evidence  of  parenchymal  darn- 
age,  hemorrhage,  alveolar  tears,  or  emphysernatous  blebs  in 
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the  lungs  of  animals  treated  with  insufflation-exsufflation. 
Barach  and  Beck*'  reported  no  serious  complications  in  the 
103  patients  they  treated  with  more  than  2,000  courses  of 
mechanical  insufflation-exsufflation.  No  reports  of  damag- 
ing side  effects  ha\  e  been  disclosed  in  more  than  6.000  treat- 
ments in  over  400  patients,  most  of  whom  had  intrinsic  lung 
disease.-*--"  Consistent  with  this  is  the  fact  that  in  over  650 
patient-years  and  hundreds  of  applications  by  our  ventilator 
users  with  neuromuscular  dysfunction,  no  episodes  of  pneu- 
mothorax, regurgitation  of  gasuic  contents,  or  pulmonar>  com- 
plications have  been  observed  (unpublished  data).  Caution 
must  be  t)bser\'ed  for  bradvcardias.  and  insufflation  and  exsuf- 
flation  pressures  should  be  increased  gradually  when  mechan- 
ical insufflation-exsufflation  is  used  for  acute  traumatic 
tetraplegics.  Abdominal  thrusts  should  not  be  applied  to  patients 
with  full  stomachs. 

Parents  of  infants  w  ith  spinal  muscuku-  atrophy  type  I  often 
complain  that  their  children  are  no  longer  sleeping  more  than 
1  or  2  hours  without  awakening,  startled  and  crying.  This  can 
be  an  indication  of  nocturnal  hypoventilation.  When  such 
patients  are  treated  with  nasal  NPPV.  their  sleeping  can  once 
again  be  undisturbed.  These  children  may  go  on  to  require 
24-hour  ventilatory  support,  but  parents  often  refuse  trache- 
ostomy tubes  for  these  children.  We  have  found  simple,  so- 
called  bi-level  positive  airway  pressure  devices  adequate  for 
the  ventilatory  support  of  these  small  children.  Patients  with 
neuromuscular  conditions  characterized  by  central  alveolar 
hypoventilation  in  the  presence  of  VCs  over  50%  of  predicted 
nonnal  and  adequate  inspiratory  pressures  (eg,  Ondine's  curse, 
myotonic  dystrophy,  familial  dysautonomia.  myasthenia 
gravis,  and  certain  generalized  neuropathies)  may  also  be  ade- 
quately ventilated  by  such  devices  because  they  can  spon- 
taneously generate  the  necessary  cough  flows. 

In  our  experience  with  adolescent  and  adult  patients  w  ith 
most  other  neuromuscular  conditions,  the  bi-level  positive  air- 
way pressure  devices  are  not  powerful  enough  to  provide  opti- 
mal insufflations  for  assisted  coughing  or  for  attaining  the  max- 
imum insufflation  capacity  (>  40  cm  H2O)  and  should  not  be 
used.  Further,  those  devices  are  neither  practical  nor  safe  for 
the  \  entilatory  support  of  these  patients  when  they  require  day- 
time as  well  as  nocturnal  PPV.  A  list  of  the  advantages  and 
disadvantages  of  pressure-  and  volume-cycled  ventilators  is 
noted  in  Table  2. 

Glossopharyngeal  Breathing 

Both  inspiratory  and,  indirectly,  expiratory  muscle  func- 
tion can  be  assisted  by  GPB.  In  fact,  this  technique  was  first 
described  as  an  aid  for  coughing.^*  ■*"  It  involves  using  the  glot- 
tis to  capture  boluses  of  air  and  "gulping'  those  boluses  into 
the  lungs.  The  glottis  closes  with  each  gulp.  One  breath  usu- 
ally consists  of  6-9  gulps  of  60  to  200  mL  each.  During  the 
training  period,  the  efficiency  of  GPB  is  monitored  by  spiro- 
metrically  measuring  the  volume  (mL)  of  air/gulp,  gulps/breath. 


Table  2.      Pressure-Cycled  versus  Volume-Cycled  Ventilators 

Advantages  of  Portable  Volume  Ventilators 

Can  deliver  higher  volumes  and  at  potentially  higher  pressures  as 

needed  for  patients  with  poor  lung  compliance. 
Flows  can  be  adjusted  for  comfort. 
Consume  only  1/3  to  1/8  the  electricity  for  comparable  air  delivery. 

permitting  greater  patient  mobility  for  the  same  battery  capacity. 
Quieter 
Lower  mean  thoracic  pressure  for  the  same  peak  airway  pressure 

hampers  cardiac  preload  less  (particularly  advantageous  for 

patients  with  cardiomyopathies). 
Permit  air  stacking  to  obtain  maximum  insufflations,  to  increase 

dynamic  pulmonary  compliance,  to  raise  voice  volume,  and  to 

increase  cough  flows. 
Can  be  used  to  operate  intermittent  abdominal  pressure  ventilators. 
Have  alarms  that  can  increase  safety  and  facilitate  effective  use  of 

nocturnal  ventilation. 

Disadvantages  of  Volume  Ventilators 
Heavy  weight 
Alarms  can  be  annoying. 

Needlessly  complicated;  ventilators  with  fewer  modes  should  be 
available. 

Advantages  of  Pressure-Cycled  Ventilators 
No  annoying  alarms 
Lightweight 
Less  expensive 
Can  compensate  to  some  extent  for  small  insufOation  leaks. 

Disadvantages  of  Pressure-Cycled  Ventilators 

Not  all  can  provide  optimal  volumes  needed  for  coughing  and 

maintaining  lung  compliance. 
Do  not  allow  air  stacking. 
Fixed,  high  initial  flows  on  currently  available  machines  can  cause 

mouth  drying  and  gagging  (especially  with  leakage)  and  arousals 

from  sleep. 
High  power  consumption  limits  patient  mobility. 
Discomfort  and  increased  thoracic  pressures  from  unnecessary- 
expiratory  positive  airway  pressure 
Peak  pressure  indication  is  less  useful  for  feedback  than  with  volume 

ventilator. 
Absence  of  alarms  decreases  safety  for  some  patients. 
May  be  noisier  than  volume  ventilators 
Mean  intrathoracic  pressure  is  higher  than  with  the  volume-cycled 

\entilators. 
Clinically  important  CO2  rebreathing  can  occur  in  patients  with 

expiratory  positive  airway  pressures  <  5  cm  HiG  (can  be 

corrected  with  nonrebreathing  valve,  at  cost  of  greater  expiratory 

resistance). 
Expiratory  positive  airway  pressure  can  make  eating  difficult  or 

hazardous  for  24-hour  users. 


and  breaths/minute.  An  old  but  excellent  training  film  is  now 
available  on  videotape  (Rancho  de  los  Amigos.  7601  E  Impe- 
rial Way,  Downey  CA  90242).^' 

GPB  can  provide  patients  who  have  weak  inspiratory  mus- 
cles and  no  measurable  VC  or  ventilator-free  breathing  abil- 
ity with  nonnal  alveolar  ventilation  for  hours  and  in  perfect 
safety  when  they  are  not  using  a  ventilator  or  in  the  event  of 
sudden  ventilator  failure  day  or  night."** 
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GPB  can  be  effective  for  all  patients  except  those  with  severe 
bulb;ir  muscle  weiikness.  More  than  dY/t  of  patients  with  intact 
glottic  function  can  master  the  procedure,'"''"  and  it  can  even 
be  effective  for  patients  with  Duchenne  muscular  dystrophy 
who  have  relatively  severe  bulbar  muscle  weiikness.'*'''  Although 
potentially  extremely  useful.  GPB  appe;us  to  be  taught  rarely — 
perhaps  because  few  health  caie  professionals  aie  familiar  with 
the  technique.  GPB  is  rarely  useful  in  the  presence  of  an 
indwelling  tracheostomy  tube.  It  cannot  be  used  when  the  tube 
is  uncapped  as  it  is  during  PPV  via  the  tube.  Even  when  the 
tube  is  capped,  the  gulped  air  tends  to  leak  around  the  outer 
walls  of  the  tube  and  out  the  tracheostomy  site  as  airway  vol- 
umes and  pressures  increase  during  the  air  stacking  process 
of  GPB.  I  believe  that  the  safety  and  versatility  afforded  by 
effective  GPB  are  key  reasons  to  eliminate  tracheostomy  in 
favor  of  noninvasive  aids. 

Patient  Evaluation 


sity,  and  Ondine's  curse  to  wairant  polysomnography.  It  can 
usually  be  adequately  documented  by  simple  oximetry  and 
noninvasixe  monitoring  of  blood  carbon  dioxide  tensions. 

Indications  for  Noninvasive  Ventilation 

The  speed  of  progression  of  illness.  VC  in  the  supine  posi- 
tion <  4()7c  of  predicted  nornial.  the  extent  of  hypercapnia. 
the  mean  nocturnal  oxyhernoglobin  saturation,  and  the  pres- 
ence of  symptoms  of  alveolar  hypoventilation  are  all  considered 
in  prescribing  NPPV.  The  presence  of  obvious  symptoms  of 
chronic  alveolar  hypoventilation  or  hypercapnia  and  mean  noc- 
turnal Sp(),  <  949c  aie  indications  to  introduce  nocturnal  NPPV 
by  nasal  interface  or  mouthpiece  with  lip.seal  retention  (Fig. 
3)  as  preferred  by  the  patient.  In  general,  our  patients  are  encour- 
aged to  use  nocturnal  NPPV  if  it  makes  them  feel  better  and 
improves  their  nocturnal  mean  Spoi- 


We  screen  patients  for  symptoms  of  chronic  alveolar 
hypoventilation-''  and  monitor  VC,  assisted  and  unassisted 
PCF.  end-tidal  carbon  dioxide  tensions,  and  oxyhemoglobin 
saturation  determined  by  pulse  oximetry  (SpOj)-  The  VC  is 
measured  with  the  patient  both  sitting  and  supine.  The  patient 
should  also  cough  as  hard  as  possible  through  a  mouthpiece 
or,  if  the  lips  are  too  weak  to  grab  the  mouthpiece,  through 
an  oral-nasal  interface,  into  a  peak  flow  meter  to  measure  the 
unassisted  PCF.  Patients  with  VCs  <  1,500  mL-"*  are  insuf- 
flated via  a  manual  resuscitator  to  maximal  volumes,  then  an 
abdominal  thrust  is  coordinated  with  glottic  opening  and  the 
resulting  assisted  PCFs  are  read  from  a  peak  tlow  meter.-'' 
Patients  witli  severely  diminished  VCs  when  supine  (generally 
about  600  mL  for  Duchenne  muscular  dystrophy  patients  and 
1 ,000  mL  for  most  others)  or  daytime  hypercapnia  or  SpO:  < 
95%  undergo  nocturnal  Spo,  monitoring. 

Arterial  blood  gas  monitoring  and  polysomnography  are 
rarely  u.seful  for  these  patients.  Although  some  clinicians  are 
advocating  the  use  of  polysomnography  to  detect  early  evi- 
dence of  sleep-disordered  breathing  to  introduce  nocturnal 
nasal  NPPV,  it  has  not  been  demonstrated  that  patients  with 
neuromuscular  conditions  who  are  as  yet  asymptomatic  for 
sleep  hypoventilation  and  who  have  mean  nocturnal  oxygen 
saturations  >  94'/f  benefit  fnim  nt)cturnal  nasal  NPPV.  Symp- 
tomatic hypoventilation  in  these  patients  is  due  primarily  to 
inspiratory  muscle  weakness  and  not  to  central  or  obstruc- 
tive apneas.  I  believe  that  the  appropriate  treatment  is  NPPV, 
not  CPAP  or  supplemental  oxygen.  On  the  other  hand,  poly- 
somnography is  Wiinanted  for  symptomatic  patients  with  ade- 
quate supine  VC  {>  50%  of  predicted)  who  may  have  pre- 
dominantly central  or  obstructive  sleep  apneas  without  severe 
concomitant  inspiraton-  muscle  weakness.  These  patients  can 
have  any  prim;u'>  diagnosis  and  be  diagnostic  pu/zles.  I  belie\  e 
that  central  alveohu"  hypoventilation  is  too  common  in  patients 
w  ith  myotonic  dystrophy,  familial  dysautonomia.  morbid  obe- 


Fig.  3,  A  high-level  acute  tetraplegic  man  using  mouthpiece  PPV 
with  lipseal  following  tracheal  decannulation. 


Although  nightly  \eiililatory  assistance  can  be  instituted 
for  the  listed  clinical  indications,  the  majority  of  patients  re- 
main stable,  often  despite  \arying  degrees  of  chronic  hyper- 
capnia and  subtle  symptoms,  until  an  otherwise  benign  upper 
respiratory  tract  infection  causes  airway  secretions  that  the 
patient  cannot  effectively  clear  (unpublished  data).  As  pre- 
viously noted,  this  may  result  in  a  long  stay  in  intensive  care 
and.  ultimately,  tracheostorny.  We  have  found  that  patients 
with  VCs  >  1 .500  mL  and  unassisted  or  assisted  PCF  >  270 
L/min  have  little  risk  of  developing  acute  respiratory  failure 
during  periods  of  airway  hypersecretion.  Patients  with  par- 
alytic-restrictive pulmonary  syndromes  who  satisfy  the  indi- 
cations for  introduction  of  nocturnal  NPPV  or  who  may  not 
quite  satisfy  these  criteria  but  who  have  maximum  unassisted 
or  assisted  PCF  <  270  L/min  are  considered  to  be  at  risk  of 
developing  airway-secretion-associated  acute  respiratory  fail- 
ure and  are  placed  on  a  preventive  treatment  protocol  to  niain- 
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tain  nornial  alveolai-  ventilation  and  adequate  PCF  during  peri- 
ods of  need.  Patients  witii  se\ere  bulbar  muscle  dysfunction 
whose  assisted  PCF  cannot  exceed  160  L/niin  may  also  use 
this  protocol,  but  it  is  likely  to  fail.  Such  patients  require  inva- 
sive methods  because  of  inability  to  eliminate  airway  secre- 
tions due  to  airway  instability.  Typical  patients  in  this  cate- 
gory are  those  with  bulbar  amyotrophic  lateral  sclerosis  and 
spinal  muscular  atrophy  type  1. 

Nocturnal  Nasal  NPPV  &  Survival 

I  recently  reviewed  20  studies  of  nocturnal  nasal  NPPV 
that,  in  general,  reported  modest  increases  in  tracheostomy- 
free  survival  for  patients  with  paialytic/restrictive  conditions.''^ 
Volume-cycled  ventilators  were  used  in  15  of  the  studies  and 
pressure-cycled  machines  in  the  other  5.  Except  in  our  cen- 
ter, however,  none  of  the  previous  studies  reported  the  use 
of  daytime  NPPV  or  assisted  coughing.  A  1994  study"*"  de- 
scribed some  commonly  held  misconceptions  conceining  nasal 
ventilation.  That  study  purported  mortality  to  be  increased 
by  nocturnal  use  of  nasal  NPPV.  Unfortunately,  it  was  a  1 7- 
center  trial  in  which  only  35  subjects  and  controls  were 
recruited,  and  there  was  no  standardization  in  ventilator  use, 
nasal  interface  use,  caregiver  or  patient  training,  or  follow- 
up.  The  authors  stated  that  15  of  the  35  subjects  did  not  use 
nasal  ventilation  the  minimum  6  hours  per  night,  and  for  the 
20  subjects  that  they  felt  were  "effectively  ventilated,"  the  con- 
clusion was  drawn  from  the  history  only.  Nocturnal  SpO:  and 
carbon  dioxide  tensions  were  not  monitored  to  demonstrate 
efficacy.  The  subjects  were  offered  only  one  style  of  nasal 
interface.  No  effort  was  made  to  determine  whether  the  inter- 
faces were  comfortable  or  were  worn  snugly.  Because  the 
patients  were  not  offered  daytime  NPPV,  assisted  coughing, 
or  nocturnal  lipseal  NPPV  when  nasally  congested,  it  is  not 
surprising  that  the  authors  found  that  the  predominant  cause 
of  death  was  "mucus  plugging  during  respiratory  tract  infec- 
tions." Thus,  this  pariicular  publication  perpetrates  many  of 
the  common  misconceptions  about  NPPV:  ( I )  nasal  inter- 
mittent positive  pressure  ventilation  is  essentially  the  only 
method  of  NPPV,  thus  ignoring  mouthpiece,  lipseal,  and  oral- 
nasal  interface  use;  (2)  when  nocturnal  use  of  nasal  ventila- 
tion is  no  longer  adequate  tracheostomy  is  required;  (3)  sim- 
ple prescription  of  nasal  ventilation  can  be  enough  without 
the  participation  of  trained  therapists  to  evaluate  trials  of  var- 
ious masks  iind  to  train  in  assisted  coughing  and  oximeti7  feed- 
back; and  (4)  the  primary  difficulty  in  preventing  mortality 
in  Duchenne  mu.scular  dystrophy  and  other  patients  with  severe 
generalized  weakness  is  in  assisting  ventilation  rather  than 
in  effective  evacuation  of  airway  secretions. 

Prevention  of  Respiratory  Failure 

I  believe  that  ventilatory  failure  and  the  pulmonary  infil- 
trates that  often  lead  to  acute  respiratory  failure  can  be  pre- 


vented by  instmcting  the  patient  in  the  home  how  to  avoid  alve- 
olar hypoventilation  and  how  to  effectively  eliminate  airway 
secretions.  Once  the  criteria  aie  met  for  risk  of  respiratoi^  fail- 
ure due  to  airway  secretions,  the  patient  is  equipped  with  an 
oximeter.  He  or  she  is  instructed  to  use  it  whenever  short  of 
breath  or  severely  fatigued,  and  to  use  it  continuously  during 
upper  respiratory  tract  infections  and  other  episodes  charac- 
terized by  production  of  excessive  airway  secretions.  Many 
patients  are  already  capable  of  using  mouthpiece  and  nasal 
PPV  because  they  have  received  a  manual  resuscitalor  foi'  daily 
air  stacking  to  maintain  lung  and  chest  wall  elasticity.  If  they 
do  not  have  this  skill,  they  are  now  taught  how  to  receive  air 
via  various  mouthpieces  and  nasal  interi'aces.  They  choose  the 
ones  that  are  most  comfortable  and  allow  the  best  seal.  They 
are  also  given  a  lipseal  for  use  when  nasally  congested.  All 
patients  are  also  taught  manually  assisted  coughing,  and  they 
try  mechanical  insuftlation-exsufflation  in  the  clinic  (Fig.  4). 


Fig.  4.  A  72-year-old  acute  high-level  tetraplegia  whose  tra- 
cheostomy tube  was  removed  despite  his  having  a  vital  capacity  of 
only  120  ml  and  no  ventilator-free  breathing  ability.  He  required 
mechanical  insufflation-exsufflation  in  the  acute  setting  and  daily 
thereafter  because  of  frequent  food  aspiration.  He  remained  de- 
pendent on  24-hour  NPPV. 


The  clinician  must  be  satisfied  that  the  patient  has  mas- 
tered all  of  the  major  methods  of  inspiratory  and  expiratory 
muscle  assistance.  The  patient  and  caie  providers  are  instruct- 
ed to  always  maintain  SpO:  >  94%.  particularly  during  res- 
piratory tract  infections.  At  the  first  sign  of  illness,  the  patient 
who  is  not  already  equipped  is  sent  a  portable  volume  ven- 
tilator and  a  mechanical  insuftlator-cxsufflator.  The  patient 
is  told  that  a  decrease  in  Spo.  below  95%  is  considered  evi- 
dence of  hypoventilation  or  acute  bronchial  mucus  plugging. 
During  upper  respiratory  tract  infections  patients  usually  re- 
quire continuous  use  of  NPPV,  both  for  ventilatory  support 
and  for  air  stacking  for  manually  assisted  coughing.  The;',-- 
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fore,  desaturations,  particularly  sudden  ones,  are  usually  due 
to  bronchial  mucus  plugging  tor  which  the  patient  uses  man- 
ually and  mechanically  assisted  coughing.  Although  it  is  not 
uncommon  for  the  Spo,  baseline  to  decrease  to  as  low  as  92% 
in  febrile  patients  with  respiratory  tract  infections,  greater 
decreases  in  baseline  SpO:,  gross  atelectasis,  and  pneumonia 
are  uncommon  in  patients  managed  by  this  approach,  in  our 
experience.  This  is  true  despite  the  fact  that  many  patients 
who  do  not  otherwise  require  ventilator  use,  require  24-hour 
ventilatory  support  with  no  ventilator- free  breathing  ability 
during  these  episodes.  It  seems  obvious  that  these  patients 
would  otherwise  develop  acute  respiratory  failure  and  be  man- 
aged in  critical  care  units  if  they  were  not  benefiting  from  24- 
hour  ventilatory  support  and  effective  assisted  coughing  at 
home.  Patients  who  already  require  nocturnal  NPPV  almost 
invariably  require  24-hour  NPPV  during  acute  episodes.  The 
patient  is  never  provided  with  supplemental  oxygen  at  home 
and  cannot  develop  respiratory  failure  with  a  normal  Sp02- 
The  avoidance  of  supplemental  oxygen  and  the  maintenance 
of  essentially  normal  oxyhemoglobin  saturation  are  crucial. 
All  patients  are  also  supported  with  antibiotics  and  decon- 
gestants as  warranted. 

As  the  acute  episode  passes,  previously  autonomously 
breathing  patients  are  often  weaned  to  nocturnal  NPPV  or 
weaned  off  mechanical  assistance  entirely  until  the  next 
episode.  If  treatment  is  delayed  or  the  protocol  fails  and  the 
SpO:  baseline  decreases  to  <  92%  or  if  there  are  concurrent 
conditions  such  as  apparent  dehydration,  the  patient  presents 
for  further  evaluation  and  possible  hospitalization  and  con- 
ventional management. 

As  respiratory  muscle  weakness  increases  and  oxyhemo- 
globin desaturations  are  due  to  hypoventilation  during  day- 
time hours,  it  is  demonstrated  to  the  patient  that  SpO:  can  be 
normalized  either  by  volitionally  taking  deeper  breaths  or  by 
receiving  deep  insufflations  via  a  mouthpiece  or  nasal  inter- 
face. The  patient  may  then  briefly  use  oximetry  as  a  guide 
to  the  use  of  NPPV  as  necessary  to  improve  ventilation  dur- 
ing daytime  hours.  It  is  in  this  manner  that  we  now  have 
patients  who  have  weakened  to  the  point  of  requiring  ongo- 
ing 24-hour  ventilatory  support  without  e\er  being  hospitalized 
or  intubated. 

A  summary  of  our  pilot  data  includes: 

•  4.'S  patients  with  neuromuscular  conditions  who  ilid  fiot  ben- 
efit from  our  approach  and  who  underwent  tracheotomy 
after  hospital  admission  for  acute  respiratory  failure  spent 
a  mciin  of  70. 1  days  in  the  hospital  as  compared  to  4. 1  days 
for  patients  introduced  to  NPPV. 

•  40  patients  who  satisfied  criteria  for  our  protocol  and  were 
using  up  to  16  hours  of  daily  NPPV  and  assisted  cough- 
ing when  necessary  had  8.^  episodes  that  otherwise  would 
have  required  hospitalization  for  ventilatory-respiratory 
failure  in  165.1  patient  years.  However,  they  were  hos- 
pitalized only  15  times  for  a  mean  of  3. 1  days/patient  and 
no  patient  required  intubation.  Patients  requiring  >  16 


hours/day  of  NPPV  had  32  episodes  that  othei-wise  would 
have  required  hospitalization  in  95.9  patient  years.  There 
were,  however,  only  4  hospitalizations  during  this  time  for 
a  total  of  35  days  or  about  1  day  for  every  3  years  of  full- 
time  noninvasive  IPPV  use  (unpublished  data). 

Future  Research 

The  mechanisms  by  which  the  open  systems  of  NPPV  can 
be  effective  during  sleep  require  exploration.  What  roles  do 
passive  (as  opposed  to  reflex)  sealing  of  the  oropharynx  to 
NPPV  insufflation  leakage  play?  Future  research  also  needs 
to  better  define  the  role  of  mechanical  insuftlation-exsuftlation 
both  in  the  management  of  patients  w  ith  \entilatory  impair- 
ment and  for  patients  primarily  with  disease  of  the  airways. 
Its  efficacy  when  used  via  an  endotracheal  or  tracheostomy 
tube  should  also  be  compared  with  that  of  invasive  airw  ay 
suctioning.  Considering  that  patients  with  wounds  of  the  ab- 
domen or  chest  have  reported  less  wound  pain  during  mechan- 
ical insuftlation-exsuftlation  than  when  coughing  sponta- 
neously,'" should  research  in  the  role  of  mechanical 
insufflation-exsuftlation  be  expanded?  Finally,  in  the  view 
of  the  efficacy  and  overall  desirability  of  NPPV  even  full- 
time  (as  opposed  to  PPV  by  tracheostomy),  research  might 
be  undertaken  to  determine  the  key  reasons  that  noninvasive 
aids  are  not  more  widely  used  for  patients  w ith  primarily  \en- 
tilatory  impairment. 

In  Summary 

Mouthpiece  NPPV  is  the  most  versatile  and  patient-pre- 
ferred method  of  long-term  daytime  noninvasive  ventilatory 
support.-'  Even  patients  who  continue  nasal  NPPV  into  day- 
time hours  on  their  own  during  acute  episodes  do  not  often 
find  24-hour  nasal  NPPV.  that  is.  being  connected  to  a  ven- 
tilator by  a  nasal  intertace.  to  be  an  acceptable  long-tenn  solu- 
tion. However,  nasal  NPPV  is  usually  the  patient-preferred 
method  for  nocturnal  aid.-''  although  mouthpiece  NPPV  with 
lipseal  can  be  more  effective,  especially  when  the  nostrils  are 
sealed.-'  Patients  almost  invariably  prefer  NPPV  over  PPV 
via  tracheostomy  for  appearance,  convenience,  comfort,  and 
security  and  for  facilitation  of  speech,  swallowing,  and  sleep."" 
The  use  of  NPPV  decreases  cost  by  decreasing  hospitaliza- 
tion days,  pulmonaiy  complications,  and  the  costs  associated 
with  maintaining  an  indwelling  tracheostomy,  including  the 
use  of  disposable  suction  catheters  and  tracheostomy  care.^* 
Because  of  the  need  to  attain  maximal  insuftlations  for  assisted 
coughing,  adolescent  and  adult  patients  with  ventilatory  mus- 
cle dysfunction  should  use  portable  volume-cycled  rather  th;in 
the  pressure-cycled  ventilators  that  are  currently  on  the  mar- 
ket because  the  latter  ciuinot  provide  volumes  of  adequate  depth 
for  maximal  lung  insufflation.  Finally,  ;ui  approach  using  NPPV 
U)  maintain  alveolar  ventilation,  assisted  coughing  to  clear 
airw  ay  secretions,  and  oximetry  for  feedback  can  keep  SpO: 
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within  normal  limits  without  resort  to  supplemental  oxygen 
or  tracheal  intubation.  This  can  decrease  or  eliminate  hos- 
pitalizations for  respiratory  impaimient  tor  patients  with  pri- 
marily ventilatory  dysfunction. 

REFERENCES 

1.  Bach  JR.  Robert  D.  Leger  P.  Langevin  B.  Sleep  fragmentation  in 
kyphoscolioUc  individuals  with  alveolar  hypoventilation  treated  b\ 
NIPPV.  Chest  1995;107(6):1552-1558. 

2.  Delaubier  A.  Traitement  de  I'insuffisance  respiratoire  chronique  dans 
les  dystrophies  musculaires.  In  Menioires  de  cenificat  d'etudes 
superieures  de  reeducation  et  readaptation  fonctionnelles.  Paris:  Uni- 
versite  R  Descarte.  1984:124. 

3.  McDonald  CM.  Abresch  RT.  Carter  C,  Fowler  WM.  Johnson  ER. 
Kilmer  DD.  Sigford  BJ.  Profiles  of  neuromuscular  diseases:  Duchenne 
muscular  dystrophy.  Am  J  Phys  Med  Rehabil  19i)5;74:S70-S92. 

4.  McDonald  CM.  Abresch  RT,  Caner  GT,  Fowler  WM,  Johnson  ER, 
Kilmer  DD.  Profiles  of  neuromuscular  diseases:  Becker's  muscu- 
lar dystrophy.  Am  J  Phys  Med  Rehabil  1995;74:S93-S103. 

5.  Johnson  ER,  Abresch  RT,  Carter  GT,  Kilmer  DD,  Fowler  WM,  Sig- 
ford  BJ,  Wanlass  RL.  Profiles  of  neuromuscular  diseases:  myotonic 
dystrophy.  Am  J  Phys  Med  Rehabil  1995;74:S104-S1 16. 

6.  Kilmer  DD.  Abresch  RT.  McCrory  MA,  Carter  GT,  Fowler  WM. 
Johnson  ER,  McDonald  CR.  Profiles  of  neuromuscular  diseases:  fas- 
doscapulohumeral  muscular  dysffophy .  Am  J  Phys  Med  Rehabil  1 9911 ; 
74:S131-S139. 

7.  Carter  GT,  Abresch  RT,  Fowler  WM,  Johnson  ER,  Kilmer  DD. 
McDonald  CM.  Profiles  of  neuromuscular  diseases:  hereditary  motor 
and  sensory  neuropathy,  types  I  and  II.  Am  J  Phys  Med  Rehabil  1995; 
74:S140-S149. 

8.  Carter  GT.  Kilmer  DD,  Bonekat  HW,  Liebennan  JS,  Fowler  WM  Jr. 
Ev  aluation  of  phrenic  iien.  e  and  pulmonaiy  function  in  hereditary  motor 
and  sensoiy  neuropathy,  type  I.  Muscle  Nene  1992;l.'i(4):459-462. 

9.  Nathanson  BN,  Yu  DG,  Chan  CK.  Respiratory  muscle  weakness  in 
Charcot-Maiie-TooUi  disease.  A  field  study.  Arch  Inteni  Med  1989: 149 
(6):1389-1391. 

1 0.  Eichacker  PQ,  Spiro  A,  Sherman  M,  Lazar  E,  Reichel  J,  Dodick  F. 
Respiratory  muscle  dysfunction  in  hereditary  motor  sensory  neuropathy, 
type  1.  Arch  Intern  Med  1988: 148(8):  1739- 1740. 

11.  Carter  GT,  Abresch  RT,  Fowler  WM,  Johnson  ER,  Kilmer  DD, 
.McDonald  CR.  Profiles  of  neuromuscular  diseases:  spinal  muscu- 
lar atrophy.  Am  J  Phys  Med  Rehabil  1993;74:S150-S159. 

1 2.  Bach  JR.  Amyotrophic  lateral  sclerosis:  predictors  for  prolongation 
of  life  by  noninvasive  respiratory  aids.  Arch  Phys  Med  Rehabil  I99.'i; 
76(9):828-832. 

1 3.  Bach  JR,  Saporito  LR.  Criteria  for  e.xtubation  and  Uacheostomy  tube 
removal  for  patients  with  ventilatory  failure:  a  different  approach  to 
weaning.  Chest  1 996: 1 1 0: 1 566- 1571. 

14.  Bach  JR,  Alba  AS.  Noninvasive  options  for  vemilatory  suppon  of 
the  traumatic  high  level  quadriplegic.  Chest  1990;98(3):613-619. 

15.  Bach  JR.  Alternative  methods  of  ventilatory  support  for  the  patient 
with  ventilatory  failure  due  to  spinal  cord  injury.  J  Am  Paraplegia 
Soc  1991;I4(4):158-174. 

1 6.  Bach  JR,  Saporito  LR.  Indications  and  criteria  for  decannulation  and 
transition  from  invasive  to  noninvasive  long-term  ventilatory  sup- 
port. RespirCare  1994;39(5):515-531. 

1 7.  Bach  JR.  Penek  J.  Obstructive  sleep  apnea  complicating  negative  pres- 
sure ventilatory  support  in  patients  with  chronic  paralytic/restrictive 
venfilatory  dysfunction.  Chest  I991;99(6):1386-1393. 

1 8.  Bach  JR.  Prevention  of  morbidity  and  mortality  with  the  use  of  phys- 
ical medicine  aids.  In:  Bach  JR,  editor.  Pulmonary  rehabilitation:  the 
obstructive  and  paralytic  conditions.  Philadelphia;  Hanley  &  Bel- 
fus,  1996:303-329. 


19.  Bach  JR.  .Mba  AS.  Intermittent  abdominal  pressure  ventilator  in 
a  regimen  of  noninvasive  ventilatory  support.  Chest  1991:99(3): 
630-636. 

20.  Leith  DE.  Cough,  In:  Brain  ID.  Proctor  D,  Reid  L,  editors.  Lung  biol- 
ogy in  health  and  disease:  respiratory  defense  mechanisms,  part  2. 
New  York;  Marcel  Dekker.  1977:545-592. 

21.  Bach  JR.  Smith  WH.  Michaels  J,  Saporito  LS,  Alba  AS.  Dayal  R. 
Pan  J.  Airway  secretion  clearance  h\  mechimical  exsufflation  for  post- 
poliomyelitis  ventilator  assisted  individuals.  Arch  Phys  Med  Reha- 
bil 1993:74(21:170-77. 

22.  Fugl-Meyer  AR,  Grimby  G.  Ventilatory  ftinction  in  tetraplegic  patients. 
Scand  J  Rehabil  Med  1971;3(4):I51-160. 

23.  Massery  M.  Manual  breathing  and  coughing  aids,  Phys  Med  Reha- 
bil Clin  N  Am  1996:7(2):407-422. 

24.  Bach  JR.  Mechanical  insuffiation-exsufflation.  Comparison  of  peak 
expiratory  flows  with  manually  assisted  and  unassisted  coughing  tech- 
niques. Chest  1993;I(.)4(5):1553-I562, 

25.  Bach  JR.  Alba  AS.  Saporito  LR.  Intermittent  posifive  pressure  ven- 
tilation via  the  mouth  as  an  alternative  to  tracheostomy  for  257  ven- 
ulator  users.  Chest  I993;103(  1 ):  174- 182. 

26.  Curran  FJ,  Colbert  AP.  Ventilator  management  in  Duchenne  mus- 
cular dystrophy  and  postpoliomyelitis  syndrome;  twelve  years"  expe- 
rience. Arch  Phys  Med  Rehabil  1989;70(3):180-185. 

27.  Bach  JR.  Update  and  perspective  on  noninvasive  respiratory  mus- 
cle aids.  Part  1 ;  The  inspiratory  aids.  Chest  1994;105(4):  1230-1240. 

28.  Viroslav  J,  Rosenblatt  R,  Morris-Tomazevic  S.  Respiratory  man- 
agement, survival,  and  quality  of  life  for  high-level  traumatic 
letraplegics.  RespirCare  Clin  N  Am  1996;2(2):3I3-322. 

29.  Bach  JR,  Alba  AS.  Management  of  chronic  alveolar  hypoventila- 
tion by  nasal  ventilation.  Chest  1990;97(  1  );52-57. 

30.  Leger  P,  Bedicam  JM,  Comette  A,  Reybet-Degat  O,  Langevin  B,  Polu 
JM.  et  al.  Nasal  intermittent  positive  pressure  ventilation.  Long-term 
follow-up  in  patients  with  severe  chronic  respiratory  insufficiency. 
Chest  1994:105(1):  100- 1 05. 

3 1 .  McDenriott  1,  Bach  JR,  Parker  C,  Sortor  S.  Custom-fabricated  inter- 
faces for  intermittent  positive  pressure  ventilation.  Int  J  Prosthodont 
l989;2(3);224-233. 

32.  Ratzka  A.  Uberdruckbeatmung  durch  Muiidstuck.  In;  Frehse  U,  edi- 
tor. Spatfolgen  nach  Poliomyelitis:  Chronische  und  Moglichkeiten 
selbstbestimmter  Lebensfuhrung  Schwerbehinderter.  Munchen.  West 
Germany:  Pfennigparade  eV,  1989:5:149. 

33.  Bach  JR.  McDermott  I.  Strapless  oral-nasal  interfaces  for  positive 
pressure  ventilation.  Arch  Phys  Med  Rehabil  1990:71(1 1  ):908-913. 

34.  Bach  JR.  A  comparison  of  long-temi  v  entilalory  support  alternatives 
from  the  perspective  of  the  patient  and  care  giver.  Chest  1993:104(6): 
1702-1706. 

35.  Bach  JR.  Conventional  approaches  to  managing  neuromuscular  ven- 
tilatory failure.  In:  Bach  JR.  editor.  Pulmonary  rehabilitation;  the 
obstructive  and  paralytic  conditions.  Philadelphia;  Hanley  &  Bel- 
fus,  1996:285-.301. 

36.  Bach  JR,  Intinlola  P,  Alba  AS,  Holland  IE.  The  venfilator-assisted 
individual.  Cost  analysis  of  institutionalization  vs  rehabilitation  and 
in-home  management.  Chest  1992;I0I(  l):26-.30. 

37.  Miller  WF.  Rehabilitation  of  patients  with  chronic  obstructive  lung 
disease.  Med  Clin  North  Am  1967;5I(2):.349-361. 

38.  Bach  JF.  Alba  A,  Mosher  R.  Delaubier  .\.  Intennittent  positive  pres- 
sure ventilation  via  nasal  access  in  the  management  of  respiratory 
insufficiency.  Chest  1987:92(  1  ):168-I70. 

39.  Barach  AL,  Beck  GJ,  Smith  RH.  Mechanical  production  of  expiratory 
flow  rates  surpassing  the  capacity  of  human  coughing.  Am  J  Med 
Sci  1953:226:241-248. 

40.  Barach  AL.  Beck  GJ.  Exsufflation  with  negative  pressure;  physio- 
logic and  clinical  sOidies  in  poliomyelitis,  bnmchial  asthma,  pulmonary 
emphysema  and  bronchiectasis.  Arch  Int  Med  1954;93;825-S4i 

4 1 .  Bickerman  H.\.  Exsufflation  w  ith  negative  pressure;  elimination  of 


Respiratory  Care  •  April  '97  Vol  42  No  4 


411 


Preventing  Failure  Due  to  Inadequate  Pump  Function 


radiopaque  material  and  foreign  bodies  from  bronchi  of  anesthetized 

dogs.  Arch  Int  Med  1954;93:698-704.  47. 

42.  Colebatch  HJH.  Artificial  coughing  for  patients  with  respiratory  paral- 
ysis. Australasian  J  Med  1961;10:201-21:.  48. 

43.  Barach  AL.  The  application  of  pressure,  including  exsufflation.  in 
pulmonary  emphysema.  Am  J  Surg  1955;89:372-382. 

44.  Feigelson  CI.  Dickinson  DG.  Talner  NS,  Wilson  JL.  Glossopharyngeal 
breathing  as  an  aid  to  the  coughing  mechanism  in  the  patient  with  49. 
chronic  poliomyelitis  in  a  respirator.  N  Engl  J  Med  1956:254:61 1-613. 

45.  Dail  CW.  Affeldt  JE.  Glossopharyngeal  breathing  (video).  Los  Ange- 
les: Department  of  Visual  Education,  College  of  Medical  Evange- 
lists, 1954. 

46.  Bach  JR,  Alba  AS,  Bodofsky  E.  Cunan  HJ.  Schultheiss  M.  Glos-  50. 
sopharyngeal  breathing  and  noninvasive  aids  in  the  management  of 


post-polio  respiratory  insufficiency.  Birth  Defects  1987:23(41:99-1 13. 
Bach  JR.  New  approaches  in  the  rehabilitation  of  the  traumatic  high 
level  quadriplegic.  Am  J  Phys  Med  Rehabil  1 99 1  ;70(  1 ):  1 3- 1 9. 
Baydur  A.  Gilgoff  I.  Prentice  W.  Carison  M.  Fischer  DA.  Decline 
in  respiratory  function  and  experience  with  long-term  assisted  ven- 
tilation in  ad\anced  Duchenne's  muscular  dysuxiphy.  Chest  1990:97(4): 
884-889. 

Raphael  J-C.  Che\ret  S.  Chastang  C,  Bouvet  F.  Randomised  tfial  of 
preventive  nasal  ventilation  in  Duchenne  muscular  dystrophy.  French 
Multicentre  Cooperative  Group  on  Home  Mechanical  Ventilation 
Assistance  in  Duchenne  de  Boulogne  Muscular  Distrophy.  Lancet 
1994:343(8913):  1600-1604. 

Williams  EK,  Holaday  DA.  The  use  of  exsufflation  with  negative 
pressure  in  postoperative  patients.  Am  J  Surg  1955:90:637-640. 


412 


Respir.atory  Care  •  April  "97  Vol  42  No  4 


PREVENTING  FAILURE  DUE  TO  INADEQUATE  PUMP  FUNCTION 


APPENDIX — Interfaces  for  Noninvasive  Positive  Pressure  Ventilation 


Interface 


Description 


Mouthpiece 


Bennett  lipseal  with 
mouthpiece 


Plastic,  attaches  directly  to 
ventilator  tubing,  can  he 
held,  kept  in  mouth,  or 
attached  to  wheelchair 
controls. 

Plastic  flange,  fits  over 
mouth  &  seals  lips  around 
mouthpiece,  retained  by 
straps  or  headgear;  soft 
mouthpieces  can  also  be 
accommodated. 


Custom-molded  mouthpiece  Plastic  lipseal  retained  by 
bite  plate;  may  have  metal 
clasps. 


CPAP  mask 


Plastic  nasal  seal  or 
pillows,  retained  by 
headgear  or  straps 


Custom-molded  nasal  mask     Several  varieties 

commercially  available 


Interface  for  Ventilator- 
Assisted  Living  (IVAL) 


Oral-nasal  interfaces  (ONI) 


Advantages 


Disadvantages 


Sources 


Inexpensive,  coinfortable. 
commercially  available, 
facilitates  speech  &  eating 


Firmly  establishes  the 
mouthpiece  &  decreases 
or  eliminates  leak  during 
sleep.  Systems  pressures 
of  30-40  cm  HiO  can  be 
maintained.* 


Can  be  removed  by  tongue 
thrust;  system  pressure  > 
60  cm  H:0  have  been 
maintained. 


Simple,  inexpensive, 
durable,  commercially 
available 

Commercially  available  & 
comfortable 


Custom-molded  strapless 
ONI 


Custom  molded,  butterfly 
shape,  covering  nostrils  & 
extending  over  cheeks; 
soft  inner  gasket  with  nasal 
opening 

Modified  anesthesia  masks 
cover  nose  &  mouth;  soft, 
flexible  inner  lining  creates 
seal  as  air  enters  interface. 


Acrylic  bite  plate  attached 
to  acrylic  extra-oral  shell; 
allows  simultaneous  nasal 
cS:  mouthpiece  ventilation. 


Comfortable.  >  2-year  use; 
leak  free  for  most  patients 


Long-term  use  can  cause 
orthodontic  deformity, 
occasional  allergy  to 
plastic;  may  interfere 
with  mouthstick  activities. 

Interferes  with  speech; 
may  increase  secretions  & 
likelihood  of  aspiration; 
secretion  removal  during 
infections  may  mandate 
removal;  adequate  seal  may 
be  difficult  with  bearded 
patients;  possible  allergy 
to  plastic. 

Bite  plate  may  stimulate 
excessive  oral  secretions 
or  gag  reflex;  depends  on 
adequate  dentition; 
expensive 

Fitting  by  trial  &  error; 
seal  may  be  inadequate  at 
higher  pressures. 

Fabrication  difficult  for 
some  faces;  heavy; 
replacement  required  in 
2-5  months;  relatively 
expensive. 

Must  be  made  from  facial 
impression  in  supine 
position  for  best  fit;  gasket 
must  be  replaced  every  3-9 
months. 


May  provide  a  better  seal 
than  nasal  mask  or  simple 
inouthpiece,  particularly  for 
obtunded  or  critically  ill 
patients. 


Ventilator  accessory 
manufacturers 


Nellcor  Puritan  Bennett, 
Boulder  CO 


Department  of  Physical 
Medicine  &  Rehabilitation  at 
NJ  Medical  School,  Newark  NJ 


CPAP  &  ventilator  accessory 
manufacturers 


SEFAM  from  LifeCare 
International,  Westminster  CO 


Department  of  Physical 
Medicine  &  Rehabilitation  at 
NJ  Medical  School,  Newark  NJ 


Covers  both  nose  &  mouth;    Respironics  Inc,  Murrysville 

may  increase  risk  of  PA 

aspiration. 


Can  be  removed  by  tongue      Expensive;  requires 
thrust;  speech  not  hampered;   adequate  dentition;  may 
air  tight.  stimulate  excessive  oral 

secretions  or  gag  reflex; 
may  require  frequent 
adjustment  initially  to 
eliminate  leak  &  assure 
comfort. 


Department  of  Physical 
Medicine  &  Rehabilitation  at 
NJ  Medical  School,  Newark  NJ 
Department  of  Cardio- 
pulmonary Services,  Dallas 
Rehabilitation  Institute, 
Dallas  TX 


*For  patients  with  sporadic,  nocturnal  nasal  leakage,  cotton  pledgets  may  be  sealed  in  the  nose  with  tape. 
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Introduction 

Tlie  term  noninvasive  positive  pressure  ventilation  (NPPV) 
refers  to  a  method  of  ventilatory  assistance  whereby  the  ven- 
tilator is  interfaced  with  the  patient  via  a  nasal  or  face  mask. 
As  with  other  forms  of  assisted  ventilation,  the  ultimate  pur- 
pose of  NPPV  is  to  enhance  alveolar  \entilaiion.  The  chal- 
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lenge  today  is  to  identify  those  clinical  situations  in  which  NPPV 
may  be  superior  to  standard  therapy  in  accomplishing  that  pur- 
pose, NPPV  has  been  studied  extensively  in  adults  with  sev- 
eral etiologies  of  respiratory  disease  and  found  generally  to 
be  effecti\e.'^  NPPV  appears  to  be  an  equally  promising  ther- 
apy in  children,  but  published  reports  of  its  efficacy  in  pcdi- 
atric-age  patients  are  relatively  few  and  limited  to  uncontfolled 
case  series,''  As  a  result,  at  this  time  ( 1997).  there  are  no  well- 
defined  clinical  settings  in  which  NPPV  can  be  considered  as 
standard  therapy  in  pcdiauics.  In  this  paper.  I  review  the  expe- 
rience with  NPPV  in  children  with  respiratory  diseases  to  pro- 
vide an  overview  of  the  various  technical  issues,  contra- 
indications, and  treatment  criteria  relevant  to  its  most  effective 
application,  Tlie  review  does  not  cover  other  modes  of  assisted 
ventilation  sometimes  referred  to  as  noninvasive,  such  as  neg- 
ative pressure  ventilation,  positive  pressure  abdominal  breath- 
ing, or  positive  pressure  ventilation  via  a  mouthpiece. 

Beginning  in  the  late  1980s,  the  use  of  NPPV  for  assisted 
\entilation  for  children  began  to  grow  steadily.  Three  con- 
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current  trends  in  pediatric  respiratory  medicine  are  likely  expla- 
nations. First,  advances  in  respiratory  Ciu-e  have  improved  sur- 
vival in  children  with  acute  respiratory  failure.  Recovery  from 
severe  lung  injury  is  often  prolonged.  ;uid  survivors  can  require 
ventilatory  assistance  for  weeks  to  months."  NPPV  has  been 
used  effectively  in  adult  patients  as  a  component  of  the  wean- 
ing process.^  Second,  increased  utilization  of  sleep  polysomnog- 
raphy as  a  diagnostic  tool  has  advanced  both  the  identifica- 
tion and  classification  of  nocturnal  respiratory  disturbances 
in  pediatric  patients.  As  one  example,  polysomnographic  stud- 
ies have  shown  that  recuirent  airway  occlusions  can  result  in 
hypoxemia  and  disrupt  sleep  in  children  with  Duchenne  mus- 
cular dystrophy.^  Although  controlled  trials  are  lacking,  these 
events  may  be  reduced  by  nocturnal  NPPV."  Third,  soft  nasal 
masks  and  flow-triggered  devices  to  accomplish  NPPV  are 
readily  available  from  private  vendors.  These  devices  are  both 
portable  and  easy  to  use  in  the  domestic  setting.  However, 
commercial  availability  of  devices  suitable  for  pediatric  appli- 
cation of  NPPV  has  outpaced  the  completion  of  controlled 
clinical  trials  confirming  their  efficacy. 

Experience 

Obstructive  Sleep  Apnea 

The  etiology,  clinical  manifestations,  and  treatment  of 
obstructive  sleep  apnea  (OSA)  in  children  are  different  from 
those  in  adults."'"  Children  with  OSA  may  present  with  noc- 
turnal respiratory  dysfunction  ranging  from  obstniclive  apnea 
with  mild  hypoxemia  to  prolonged  episodes  of  obstructive 
hypopnea  with  hypercarbia."  In  many  cases,  adenotonsil- 
lectomy  cures  OSA  in  children,  but  bridge  therapies  preceding 
surgery  include  either  supplemental  oxygen  alone  or  continuous 
positive  airway  pressure  (CPAP)  administered  via  nasal 
mask.'"  '-•"  Nasal  CPAP  is  an  effective  therapy  in  children 
with  OSA,'*  but  its  use  in  some  patients  can  lead  to  central 
apnea  and  increased  hypoventilation."  The  phenomenon  of 
CPAP-induced  central  hypoventilation  has  been  described  in 
obese  adults  with  nocturnal  OSA  and  hypercarbia.  who  sub- 
sequently were  effectively  treated  with  NPPV." 

In  patients  with  OSA.  episodes  of  airway  occlusion  often 
occur  at  end-expiration.'**  Such  occlusions  'load'  the  inspiratory 
muscles,  which  must  develop  considerable  force  to  open  the 
airway  during  the  subsequent  inspiratory  effort.  Inspiratory 
muscle  fatigue  is  thought  to  play  an  important  role  in  the  patho- 
physiology of  OSA.  Consequently,  therapies  to  assist  inspi- 
ratory effort  might  potentially  improve  patient  comfort.  Sanders 
and  colleagues'"  successfully  applied  a  flow-triggered  inspi- 
ratory pressure  assist  unit  to  reduce  apnea  frequency  and  improve 
comfort  in  adults  witlT  OSA.  This  device  was  ultimately  released 
for  the  treatment  of  OSA  in  adults  (BiPAP"  system.  Respiron- 
ics  Corporation.  Murrysville  PA)  and  is  used  frequendy  today 
to  accomplish  NPPV  due  to  its  capacity  to  raise  tidal  volume 
through  an  adjustable  inspiratory  pressure  assistance  feaUire.-" 


At  the  present  time,  there  is  no  clear  consensus  as  to  the  role 
of  NPPV  in  patients  with  OSA.  In  uncontrolled  reports.  NPPV 
with  a  bi-level  positive  pressure  device  did  acutely  improve 
respiratory  gas  exchange  in  children  with  OSA  ;ind  was,  in  gen- 
eral, well  tolerated.-'  "  Both  CPAP  and  NPPV  by  nasal  mask 
have  been  used  to  treat  OSA  in  children  w  ho  experienced  res- 
piratory decompiensation  following  adenotonsillectomy.-'  How- 
ever, further  experience  w  ith  NPPV  in  children  with  OSA  is 
necessary  to  identify  those  patients  who  benefit. 

Nocturnal  Obstructive  Hypoventilation 

Nocturnal  obstructive  hypoventilation  (NOH)  is  charac- 
terized by  prolonged  episodes  of  nocturnal  obstructive  hypop- 
nea." It  may  be  diagnosed  by  polysomnography  in  infants  and 
children  with  various  causes  for  upper  airway  obstruction, 
including  OSA,  morbid  obesity,  Down  syndrome,  craniofa- 
cial anomalies,  and  congenital  abnonnalities  of  the  larynx  and 
trachea.  Episodes  of  obstructive  hypoventilation  are  char- 
acterized by  piirtial  airway  narrowing  accompanied  by  retrac- 
tions and  asynchronous  movements  of  the  thorax  and  abdomen. 
During  the  rapid  eye  movement  (REM)  sleep  phase,  NOH  is 
most  evident  due  to  reduced  tone  in  the  muscles  supporting 
respiratory  function.  NOH  can  result  in  alveolar  hypoventi- 
lation when  the  airway  obstruction  is  so  .severe  that  the  res- 
piratory muscles  cannot  compensate.  Untreated  NOH  in  chil- 
dren can  lead  to  chronic  respiratory  failure  and  eventual  death 
from  pulmonary  artery  hypertension  and  cor  pulmonale.-^ 

Surgical  procedures  to  improve  the  patency  of  the  upper 
airway  are  indicated  in  children  with  NOH.  In  life-threaten- 
ing cases,  tracheotomy  may  be  necessary.  However,  the  sur- 
gical approach  is  often  complex,  such  as  that  for  craniofacial 
disorders,  and  is  often  staged  over  a  prolonged  pericxl  of  time.-"* 
In  an  uncontrolled  report,  NPPV  in  a  small  sample  of  children 
with  NOH  acutely  reduced  the  number  of  airway  occlusions, 
lowered  nocturnal  CO:  tension,  and  improved  oxygenation.-' 
This  study  sample  included  a  child  with  obesity,  restrictive 
lung  dysfunction,  and  prolonged  nocturnal  hypopnea  in  whom 
nasal-mask  CPAP  treatment  increased  the  severity  of  central 
apnea  (Fig.  1 ).  Treatment  of  this  subject  with  NPPV  acutely 
improved  respiratory  gas  exchange  and  was  accompanied  by 
a  reduction  in  inspiratory  muscle  effort  (Fig.  2).  However,  these 
findings  are  preliminary  and  carefully  controlled  studies  are 
indicated  to  examine  whether  NPPV  can  be  safely  used  long 
term  as  a  bridge  to  surgery  in  children  with  NOH. 

Central  Hypoventilation 

Congenital  central  hypoventilation  usually  presents  shortly 
after  birth,  with  cyanosis  and  prolonged  episodes  of  central 
apnea/hypopnea  that  are  manifest  during  sleep.  Infants  with 
congenital  central  hypoventilation  syndrome  typically  do  not 
respond  to  respiratory  stimulants  and,  therefore,  typically 
undergo  diaphragmatic  pacing  for  long-term  care.  How    ■.. 
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Fig.  1.  Polysomnography  results  from  a  15- 
year-old  girl  with  Prader-Willi  syndrome.  A. 
Unassisted  breathing  with  an  episode  of 
obstructive  apnea  (absence  of  air  flow)  pre- 
ceded by  asynchronous  motion  of  the  tho- 
rax (EEF  THOR)  and  abdomen  (EEF  ABD). 
The  oxyhemoglobin  saturation  by  pulse 
oximetry  (SpO;)  fell  to  83%  and  the  carbon 
dioxide  tension  by  transcutaneous  monitor 
(Pico,,  labeled  as  Sao;  on  tracing)  in- 
creased to  46  torr  despite  sustained  respi- 
ratory effort.  B.  Nasal  CPAP  of  8  cm  H2O 
and  Fio^  of  0.30  started  at  2  hours  into  the 
study  led  to  prolonged  episodes  of  central 
apnea  (absence  of  air  flow  with  no  respira- 
tory effort)  and  worsening  of  both  the 
hypoxemia  and  hypercarbia.  Each  vertical 
line  is  1  second.  The  Pico_>  tracing  is  not 
shown.  EGG  L  and  R  =  left  and  right  eye 
oculograms,  EMG  CHIN  =  chin  electromyo- 
gram,  EEG  =  electroencephalogram,  EKG 
=  electrocardiogram,  EEF  THGR  =  thoracic 
effort.  EEF  ABD  --  abdominal  effort. 


there  are  isolated  case  rept)rts  of  suceesst'ul  NPPV  in  older 
children  with  central  hypoventilation  syndrome.-''-'  The  use 
of  NPPV  for  the  treatment  of  infants  with  congenital  central 
hypoventilation  in  place  of  standard  therapies  has  not  been 
studied  and  cannot  be  recommended  at  this  time. 

A  role  for  nasal  mask  CPAP  or  NPPV  in  the  treatment  of 
children  with  central  hypo\entilation  from  other  causes  is  also 
yet  to  be  established.  Conditions  with  a  reduced  central  res- 
piratoiA  diive  in  which  NPPV  could  be  a  useful  therapy  include 
myelomeningocele  with  the  Arnold-Chiari  malformation  and 
idiopathic  central  apnea.  In  adults  with  central  sleep  apnea. 
CPAP  therapy  does  reduce  the  frequency  of  central  respira- 
toiy  pauses.-"*  but  clinical  trials  in  patients  w  ith  Cheyne-.Stokes 
respiration  and  congestive  heart  failure  have  shown  both  ben- 
eficial-"' and  detrimental  effects."' 

Chronic  Restrictive  I-uiijj  Disease 

Duchenne  muscular  dystrophy.""  kyphoscoliosis.'^"  and 
tuberculosis  accompanied  by  restrictisc  lung  dysfunction"' 
are  amenable  to  Ions-term  nocturnal  treatment  with  NPPV 


in  adult  patients.  .Although  lung  function  in  these  patients  does 
not  improve  significantly,  daytime  arterial  CO2  levels  fall  after 
a  relatively  brief  trial  of  nocturnal  NPPV."  In  patients  with 
chronic  hypercarbic  respiratory  failure,  lowering  the  Paco: 
at  night  with  NPPV  may  restore  the  cenU'al  ventilatory  respon.se 
to  h\  percarbia.  Both  tlow-triggered  units  and  inieniiillent  pos- 
iti\e  pressure  ventilators  may  be  used  to  accomplish  NPPV 
in  patients  with  restrictive  dysfunction.  In  a  short-term  study. 
NPPV  with  devices  pro\ iding  either  intermittent  inspiratory 
positive  pressure  or  inspiratory  pressure  assistance  raised  tidal 
volume  and  improved  oxygenation  better  thiin  CPAP  in  adults 
with  stable  chronic  respiratory  failure."' 

Although  published  trials  of  NPPV  in  children  \\  ith  restric- 
tive lung  dysfunction  are  few  in  number  and  uncontrolled,  the 
results  are  promising.  Nasal-mask  inspiratory  pressure  assis- 
tance improved  sleep  quality  and  reduced  the  number  of  hos- 
pital days  in  children  with  respiratory  failure  from  neuro- 
muscular weakness, "''  Fuilher  studies  are  indicated  to  examine 
whether  nocturnal  Nl'PV  actually  prolongs  sur\  i\  al  in  chil- 
dren with  these  conditions,  as  it  probably  does  in  adult  patients 
with  Duclienne  nuiscular  dystrophy, '- 
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Fig.  2.  Polysomnography  results  from  the 
patient  in  Figure  1  performed  12  nights 
later.  C.  Baseline  period  of  unassisted 
breathing  with  a  prolonged  episode  of  con- 
tinuous thoraco/  abdominal  asynchrony 
accompanied  by  a  reduction  in  Spo,  (ie, 
Sag;)  to  89%.  D.  Effects  of  NPPV  with  the 
BiPAP  device  adjusted  to  16  cm  HjO  inspi- 
ratory pressure,  6  cm  H2O  expiratory  pres- 
sure, and  Fio;  of  0.21.  Note  the  complete 
resolution  of  thoraco-abdominal  asyn- 
chrony and  reduction  in  thoracic  effort.  The 
Spo;  increased  to  94°o  and  the  PtcO;  fell  to 
43  torr.  The  time  scale  and  abbreviations 
are  the  same  as  in  Figure  1 .  The  Spo,,, 
Pic02.  and  flow  tracings  are  not  shown. 


Chronic  Obstructive  Airways  Disease 

Respiratory  muscle  fatigue,  often  associated  with  inade- 
quate nutrition,  is  an  important  contributing  factor  in  the  path 
to  respiratory  failure  in  patients  with  chronic  obstructive  air- 
ways disease  (COAD).  NPPV  could  be  used  to  'unload"  the 
inspiratory  muscles  and.  thereby,  raise  minute  \entilation  in 
those  patients  whose  compensatoi^  effort  is  limited  by  mus- 
cle fatigue.  In  one  short-temi  saidy,  NPPV  but  not  mask  CPAP 
reduced  inspiratory  muscle  activity  in  adults  with  COAD.*'' 

Clinical  trials  in  adults  with  COAD  show  that  NPPV  is  an 
effective  treatment  for  exacerbations  often  triggered  by  res- 
piratory infections  accompanied  by  worsening  hypercarbia. 
In  adult  COAD  patients  with  acute  decompensation,  NPPV 
via  full  face  mask  reduced  inspiratory  muscle  activity  and 
a\  oided  intubation.""'  Tliis  finding  has  been  confinned  in  other 
studies^'  and  is  the  basis  for  the  designation  of  NPPV  as  the 
treatment  of  choice  to  avoid  intubation  in  this  specific  clin- 
ical setting. 

The  effects  of  long-term  nocturnal  NPPV  in  adult  patients 
with  COAD  are  by  comparison  to  the  acute  experience  less 
promising  in  regards  to  providing  a  clear  benefit.'*'"'-  When 


outcome  measures  such  as  pulmonary  function  and  respira- 
tory gas  exchange  are  examined,  nocturnal  NPPV  has  no  clear 
advantages  over  standard  therapy  in  this  group  of  patients. 
However  some  benefits  have  been  described,  including 
improved  sleep  quality-"  and  respiratory  muscle  rest."" 

In  children  w  ilh  cystic  fibrosis,  an  uncontrolled  tiial  of  noc- 
turnal NPPV  was  well  tolerated  and  used  as  a  bridge  therapy 
to  lung  transplantation.-'-'  Similai-  to  adults  vv  ith  COAD,  NPPV 
may  be  a  promising  therapy  in  patients  with  cystic  fibrosis 
admitted  to  the  hospital  with  acute  clinical  exacerbations.  Fur- 
ther studies  are  indicated  to  exan-iine  the  role  of  NPPV  in  cys- 
tic fibrosis.  Potentially  ripe  areas  for  exploration  include  the 
effects  of  nocturnal  NPPV  on  growth  variables,  resting  energy 
expenditure,  and  mucociliary  clearance  of  secretions  in  cys- 
tic fibrosis  patients. 

There  may  be  a  role  for  portable  flow-triggered  devices 
in  the  home  Ciu'e  of  childien  with  bronchopulmonary  dysplasia 
(BPD)  and  tracheostomy.  The  rationale  for  such  devices  over 
conventional  ventilators  for  home  use  is  based  on  their  porta- 
bility and  simplicity.  However,  the  cumulative  reported  expe- 
rience using  this  method  is  preliminary,  and  limited  to  10 
infants.-'^  A  technical  issue  that  may  limit  the  use  of  NPPV 
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in  children  with  BPD  is  the  limited  peak  inspirator^'  pressure 
capability  of  portable  units  (20  cm  HjC)  lor  the  Respironics 
BiPAP  system,  30  cm  HiO  for  the  Healthdyne  Quantum*^  unit). 
These  peak  pressures  may  not  be  adequate  to  overcome  the 
high  mechiuiical  impediuice  to  ventilation  inherent  in  conditions 
in  which  airway  resistance  is  great.""  This  limitation  may  be 
overcome  with  high  pert'ormance  ventilators,  but  experience 
with  this  method  using  a  nasal  mask  interface  in  pediatric 
patients  has  not  been  widely  reported. 

Acute  Hypoxemic  Respiratory  Failure 

Numerous  reports  confirm  the  efficacy  of  NPPV  in  pre- 
venting intubation  in  adults  with  acute  respiratory  failure  in 
the  intensive  care  setting."*'* ''"  Experience  with  NPPV  in  pedi- 
atric-age  patients  with  acute  respiratory  decompensation  is 
also  accumulating.  NPPV  acutely  improved  gas  exchange  in 
2  critically  ill  toddlers  with  diffuse  airspace  disease  in  a  case 
report. ""'  In  the  intensive  care  unit  of  a  children's  hospital.  NPPV 
with  a  BiPAP  device  improved  oxygenation  and  avoided  endo- 
tracheal intubation  in  a  sample  of  children  with  acute  hypox- 
emic respiratory  failure.^-  The  most  common  diagnosis  in  this 
case  series  was  pneumonia,  and  a  significant  number  of  chil- 
dren with  neurodevelopmental  disabilities  were  managed  effec- 
tively with  this  method. 

Status  asthmaticus  can  be  accompanied  by  severe  hypox- 
emia and  respiratory  muscle  fatigue,  that  if  not  quickly  reversed, 
lead  to  intubation.  NPPV  via  face  mask  improved  respiratory 
gas  exchange  in  adult  patients  with  .severe  hypoxemia  from 
status  asthmaticus,'''  but  this  study  was  not  controlled.  Rou- 
tine use  of  NPPV  in  children  with  acute  asthma  at  risk  for  res- 
piratory failure  is  not  recommended  pending  the  outcome  of 
controlled  interventional  studies. 


Technology 


Airway  Interface 


Soft  preformed  nasal  masks  are  the  usual  interface  between 
positive  pressure  device  and  the  patient  during  pediatric  appli- 
cation of  NPPV.  Masks  suitable  for  NPPV  are  commercially 
available  in  a  range  of  size  and  shapes.  Some  companies  cus- 
tom tit  masks  for  children  with  unusual  facial  contours.'-*  The 
nasal  passages  can  also  be  sealed  with  prongs,  typically  used 
in  small  infants,  or  nasal  pillows  in  older  patients  w  ho  do  niH 
tolerate  the  nasal  mask.^'^ 

In  adult  patients  with  acute  respiratory  failure,  full  face 
masks  have  been  used  to  administer  NPPV  as  a  means  of 
avoiding  intubation."*"  However,  pediatric  experience  with 
full  face  masks  is  limited  primarily  to  their  use  in  adminis- 
tering CPAP  to  infants.  Young  patients  are  at  considerable 
risk  for  aspiration  as  a  result  of  immature  airway  protective 
responses.  For  this  rea.son,  NPPV  via  full  face  mask  in  infants 
and  children  should  be  considered  a  high-risk  procedure,  and 


attempted  only  in  the  intensive  care  unit  setting  with  care- 
ful monitoring. 

Delivery  Systems 

Several  devices  are  available  to  accomplish  NPPV  in  chil- 
dren, ranging  from  flow-triggered  compact  units  to  volume- 
regulated  positive  pressure  ventilators.  Each  device  has  both 
advantages  and  disadvantages  that  are  impacted  by  the  age 
of  the  patient,  the  setting,  and  the  pattern  of  respiratoiy  dys- 
function. Modern  CPAP  devices  deliver  positive  pressure  in 
increments  of  2-20  cm  HiO  via  a  bias  flow  profile  ranging 
from  20  to  60  L/min.  A  bias  flow  is  necessary  to  compensate 
for  mask  leaks  and  to  maintain  constant  airway  pressure  dur- 
ing inspiration  and  expiration."'  Rebreathing  of  expired  gases 
is  prevented  by  diverting  expiratory  flow  through  a  non- 
rebreathing  valve  or  by  the  leak  of  gas  through  small  holes 
in  the  mask  or  fitting. 

The  Respironics  BiPAP  system  is  a  portable  flow-triggered 
device  that  allows  independent  adjustment  of  the  inspiratory 
(IPAP)  and  expiratory  (EPAP)  airway  pressures.-"  The  resul- 
tant ""bi-level  airway  pressure"  profile  has  been  effective  in 
adults  with  OSA  when  the  inspiratory  pressure  was  higher 
than  the  expiratory  pressure.'''  With  appropriate  adjustment 
of  the  inspiratory  pressure.  NPPV  with  this  system  can  raise 
tidal  volume  and  reduce  inspiratory  muscle  activity  in  sub- 
jects with  respiratory  disease."*  The  Food  &  Drug  Admin- 
istration (FDA)  recently  approved  it  for  use  as  a  \entilatory- 
assist  device. 

Rebreathing  of  expired  ga.ses  with  the  BiPAP  is  prevented 
by  a  one-way  expiratory  valve  that  is  supplied  with  the  unit. 
Whereas  both  inspiratory  and  expiratt)ry  gas  flow  is  con- 
fined to  a  single  circuit  between  the  nasal  mask  and  the  unit, 
the  level  of  end-expiratory  pressure  in  the  circuit  is  an  impor- 
tant variable  regulating  the  elimination  of  the  patient's 
expired  CO^.  In  adult  volunteers  who  underwent  NPPV  with 
the  original  exhalation  valve  supplied  with  the  device,  CO2 
rebreathing  occuired  when  the  EPAP  level  was  <  5  cm  H2O. 
A  new  valve  with  improved  CO2  elimination  characteris- 
tics is  now  available.'' 

Today,  there  are  a  number  of  llow  -triggered  portable  units 
with  performance  characteristics  suitable  for  NPPV  in  pedi- 
atric patients.  Some  of  the  more  recently  released  devices  offer 
an  adjustable  "rise  time"  feature  that  can  be  used  to  control 
the  rate  of  increase  of  the  inspiratory  pressure.  This  feature 
could  affect  patient  tolerance  of  NPPV  either  positively  or 
negatively,  depending  upon  interdependent  variables  such  as 
the  spontaneous  respiratory  rate  and  the  airway  resistance. 
In  a  situation  in  which  the  airway  resistance  and  respiratory 
rate  are  both  high,  a  situation  not  uncommon  in  infants  with 
respiratory  distress,  an  overly  long  rise  time  might  be  inap- 
propriate for  the  patient's  ventilatory  time  constant. 

Volume-cycled  constant-flow  generators  have  been  reported 
to  accomplish  NPPV  effectively  in  adults  with  respiratory  dys- 
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function.' '•"■"■'^•'^■■'•''■'*''^  With  few  exceptions.-''  little  has  been 
published  regarding  this  method  in  children.  A  constant  tidal 
volume  is  adjusted,  and  the  inflation  pressure  changes  from 
breath  to  breath.  Volume-cycled  devices  suitable  for  NPPV 
should  be  capable  of  delivering  high  inflation  pressures  and 
minute  volumes  because  tidal  volumes  up  to  twice  those  used 
in  intubated  patients  may  be  necessary  to  compensate  for  mask 
leaks  and  the  increased  dead  space  of  the  nasopharynx.'  An 
automatic  cycle  feature  is  required  in  patients  with  weak  inspi- 
ratory efforts  or  central  apnea.  An  assist/control  mode  may  be 
used  to  augment  inspiratory  efforts  with  machine-delivered 
inflations,  but  this  mode  may  be  impractical  in  infants  and  small 
children  with  some  volume-cycled  units.  Piston-driven  vol- 
ume N'entilators  suitable  for  home  use  in  pediatric  patients  should 
be  modified  by  the  addition  of  a  supplemental  flow  source  into 
the  inspiratory  circuit  to  accommodate  spontaneous  breaths. 

Supplemental  Oxygen 

Supplemental  oxygen  is  necessary  to  achieve  normoxemia 
in  patients  whose  oxyhemoglobin  saturation  remains  <  9Q7c 
after  initiation  of  NPPV  and  can  be  added  directly  into  the 
side  port  of  the  mask  or  the  inspiratory  circuit.*''  In  practice, 
a  relatively  high  flow  of  supplemental  oxygen  is  required  when 
the  gas  is  blended  into  the  circuit  proximal  to  the  venting  valve 
because  it  is  diluted  by  room  air.  However,  an  advantage  of 
this  method  over  introducing  oxygen  into  a  mask  side  port 
is  that  it  facilitates  precise  measurement  of  the  oxygen  con- 
centration by  an  analyzer  located  in  the  inspiratory  tubing. 
In  my  experience,  at  least  5  L/min  of  100%  oxygen  blended 
into  the  inspiratory  line  is  necessary  to  raise  the  concentra- 
tion above  259c.  The  inspired  gas  can  be  wanned  and  humid- 
ified by  a  humidifier  with  low  compressible  volume  in  the 
inspiratory  circuit. 

Airway  Pressure  Monitoring 

The  airway  pressure(s)  can  be  measured  from  the  side  port 
of  the  nasal  mask  by  tubing  configured  in  a  T-circuit.  One  ami 
of  the  T  leads  to  the  positive  pressure  device  and  the  other 
path  to  a  standard  manometer  with  an  adjustable  alarm  fea- 
ture. Standards  for  airway  pressure  monitoring  with  NPPV 
have  not  been  adopted  but  are  likely  to  be  the  standai'd  of  cai'e 
when  NPPV  is  used  for  life  support  or  in  those  situations  when 
an  abrupt  disconnect  would  be  detrimental  to  the  patient's 
safety.  In  the  domestic  setting,  airway  pressure  monitoring 
with  nasal  CPAP  is  not  routine'"  but  should  be  considered  in 
selected  groups  of  at-risk  patients  with  chronic  respiratory  fail- 
ure treated  with  NPPV. 

Maintenance 

Manufacturers  recommend  cleaning  the  nasal  mask  with 
mild  soap  and  water.  Tubing  can  also  be  cleaned  and  air  dried 


in  the  patients  home.  Conventional  CPAP  units  and  some  ven- 
tilators have  removable  air  filters  that  require  periodic  clean- 
ing and  replacement  at  regulai-  intervals.  Many  manufacturers 
of  positive  pressure  devices  recommend  annual  maintenance 
of  the  unit,  which  consists  of  checking  the  integrity  of  the  cir- 
cuit, cleaning,  and  routine  service.  In  the  hospital  setting,  this 
function  is  typically  performed  by  the  departments  of  res- 
piratory care  and/or  biomedical  engineering.  With  domes- 
tic use,  maintenance  of  the  unit  is  the  responsibility  of  the 
home  care  company. 

Contraindications 

Absolute  contraindications  to  NPPV  aie  uncommon  in  chil- 
dren. Choanal  stenosis/atresia  with  clinically  important  ob- 
struction of  the  nasopharyngeal  airway  precludes  NPPV.  Severe 
laryngomalacia  is  a  relative  contraindication  in  so  far  as  pos- 
itive phalangeal  luminal  pressure  may  force  the  floppy  epiglot- 
tis into  the  laryngeal  inlet.  However,  infants  w  ith  mild  laryn- 
gomalacia. often  associated  with  lower  respiratory  tract 
dysfunction,  can  benefit  from  NPPV.  Excessive  secretions 
may  be  a  problem  in  children  with  depressed  sensorium  or 
impaired  bulbar  function  and  are  a  relative  contraindication 
in  settings  in  which  they  cannot  be  monitored  and  evacuated 
consistently.  It  may  be  impossible  to  achieve  a  secure  mask 
fit  in  children  with  unusual  facial  anatomy.  However,  this  too 
is  a  relative  contraindication  because  many  devices  can  com- 
pensate for  mask  leaks.  I  have  applied  NPPV  with  the  BiPAP 
system  effectively  as  a  bridge  to  surgery  in  children  with  cran- 
iofacial anomalies.-^ 

Respiratory  clinicians  are  often  reluctant  to  offer  NPPV 
to  children  with  respiratory  distress  due  to  the  misconception 
that  it  will  not  be  tolerated.  NPPV-induced  agitation  is  most 
likely  to  occur  in  children  between  the  ages  of  3  and  6  years. 
That  agitation  can  be  reduced  by  therapist  behaviors  includ- 
ing patience,  a  calm,  purposeful  approach,  and  a  confident 
attitude.  Explanation  of  the  procedure  to  both  parents  and  the 
child  is  essential  and.  in  situations  when  NPPV  is  not  required 
for  life  support,  rewarding  the  child  with  scheduled  breaks 
may  markedly  improve  patient  tolerance.  If  heavy  sedation 
is  required  to  control  agitation  or  anxiety,  NPPV  outside  of 
the  intensive  care  unit  is  not  practical. 

Complications 

Minor  complications  are  commonly  reported  with  NPPV 
and  include  local  skin  irritation,  drying  of  the  nasal  and  pha- 
ryngeal mucosa,  nasal  congestion,  and  eye  irritation.*'-  Skin 
iiritation  is  the  most  common  complaint  and  may  be  reduced 
by  the  use  of  special  adhesives  or  by  replacing  the  mask  with 
nasal  pillows.  Mucosal  drying  can  be  reduced  by  adding  a 
humidifier  to  the  inspiratory  circuit.  Major  complications  of 
NPPV  have  not  been  reported  frequently.  Isolated  case  reports 
include  pneumocephalus,  bacterial  meningitis,  conjunct^   :- 
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tis.  massive  epistaxis.  and  atrial  arrhythmia  as  serious  com- 
plications of  nasal  mask  CPAP  therapy.  "^'  Potential  compli- 
cations that  have  not  been  reported  to  date  include  pneu- 
mothorax and  aspiration  from  gastric  distention. 

Compliance 

Long-term  compliance  with  NPPV  in  the  domestic  set- 
ting has  not  been  systematically  studied  in  pediatric-age 
patients.  Compliance  with  nasal  CPAP  in  adult  patients  with 
OSA  is  variable,  ranging  from  50-85%.'"  Adult  patients  who 
recognize  that  use  of  the  device  leads  to  symptomatic  improve- 
ment are  more  likely  to  comply  with  nasal  CPAP  therapy. 
In  a  retrospective  analysis  of  nasal  CPAP  therapy  in  children 
with  OSA,  compliance  was  described  as  inadequate  in  only 
12/94.  or  13%.'*  However,  in  another  series  of  20  pediatric- 
age  patients,  it  was  65%.''^  Behavioral  interventions  focused 
on  patient  desensitization,  parent  education,  and  modeling 
are  reported  to  improve  compliance  in  pediatric  patients  treated 
with  nasal  CPAP.*^-* 

Treatment  Criteria 

Patient  Selection 

The  decision  to  attempt  NPPV  in  a  child  should  be  influ- 
enced by  the  available  resources,  diagnosis  of  the  patient,  and 
experience  of  the  clinician.  In  the  acute  setting,  NPPV  may 
be  helpful  in  children  v\  ith  acute  hypoxemic  respiratory  fail- 
ure as  a  means  of  avoiding  intubation.""  However,  this 
approach  has  not  been  validated  by  controlled  studies  and  has 
been  used  primarily  in  the  intensive  care  unit.  Application  of 
NPPV  in  the  pediatric  general  care  areas  and  emergency  room 
in  children  with  acute  respiratory  dysfunction  might  be  use- 
ful, but  further  studies  are  indicated.  Clinicians  who  elect  to 
use  NPPV  in  children  with  acute  respiratory  distress  should 
have  a  clear  goal  in  mind,  such  as  a  reduction  in  inspiratory 
muscle  effort  or  improvement  in  respiratory  gas  exchange, 
and  document  the  outcome  clearly  in  the  medical  record. 

Children  with  chronic  respiratory  symptoms  should  be  e\al- 
uated  initially  by  a  subspecialist  experienced  with  pediatric 
respiratory  disease  to  plan  the  appropriate  diagnostic  studies. 
We  have  found  the  sleep  laboratory  to  be  an  ideal  site  to  char- 
acterize the  pattern  of  respiratory  dysfunction  and  to  study  the 
effects  of  NPPV.  Measurement  of  CO?  elimination  with  a  trans- 
cutaneous electrode  or  end-tidal  monitor  is  essential  to  diag- 
nose alveolar  hypoventilation.  In  our  hands,  the  Uanscutaneous 
method  has  been  successful  when  the  electrode  is  located  on 
the  anterior  chest  or  abdominal  wall  and  the  measurement  is 
correlated  with  a  capillary  or  arterial  blood  gas  sample. 

Children  with  OSA  accompanied  by  mild  hypoxemia  and 
normal  CO?  elimination  can  be  treated  with  supplemental 
oxygen  alone  as  a  bridge  to  adenotonsillectomy.  Nasal  CPAP 
therapy  should  be  considered  in  those  children  w  ith  more 


severe  or  prolonged  hypoxemia.  neurobeha\ioral  abnor- 
malities, sleep  fragmentation,  or  known  pulmonary  vascu- 
lar disease. '°  It  can  also  be  useful  in  children  not  cured  by 
adenotonsillectomy  or  in  those  with  complex  anatomic  anoma- 
lies that  require  staged  surgical  revision.  NPPV  may  be  use- 
ful in  those  patients  in  whom  nasal  CPAP  therapy  is  not  effec- 
tive or  is  poorly  tolerated. 

Children  with  OSA  associated  with  hypercarbia  are  a  spe- 
cific subset  of  patients  who  might  benefit  from  NPPV.  Whereas 
CPAP  therapy  can  exacerbate  central  hypoventilation  in  such 
patients,""  NPPV.  in  contrast,  may  increase  tidal  volume 
and  improve  respiratory  gas  exchange.  However,  the  incidence 
of  CPAP-induced  hypoventilation  is  not  well  known:  and 
NPPV  is  not  a  pro\en  effective  rescue  therapy  in  children  with 
nocturnal  obstructive  hypoventilation. 

Children  with  chronic  respiratory  failure  associated  with 
neuromuscular  disease  or  kyphoscoliosis  are  ideal  candidates 
for  NPPV  in  the  domestic  setting.^'  Children  with  neuro- 
muscular disease  may  often  have  repeated  episodes  of  par- 
tial or  total  airway  occlusion  during  sleep  which  are  mani- 
fest by  polysomnography.*  Treatment  with  negative  pressure 
ventilatory-assist  devices  in  children  with  neuromuscular  weak- 
ness may  actually  potentiate  obstructive  apnea;  thus.  NPPV 
is  likely  to  evolve  as  the  preferred  mode  of  therapy  in  this  group 
of  patients.  Further  experience  is  necessary  to  determine 
whether  NPPV  w  ill  defer  tracheostomy  in  degenerative  neu- 
romuscular disease  patients. 

NPPV  has  been  used  in  older  children  with  central  h\po\^en- 
tilation  syndromes.-''-"  but  its  role  as  the  primary  mode  of 
treatment  in  young  patients  is  unconfirmed.  In  infants  with 
idiopathic  congenita!  hypoventilation,  spontaneous  restora- 
tion of  brain  stem  responsiveness  to  CO;  is  unlikely.  Thus, 
NPPV  alone  will  probably  not  emerge  as  a  long-term  ther- 
apy' for  this  condition. 

Children  w  ith  COAD,  such  as  cystic  fibrosis,  may  also  ben- 
efit from  nocturnal  NPPV,  especially  in  the  advanced  stages 
when  there  is  respiratoiy  muscle  dysfunction  and  hypercarbia. 
However,  controlled  trials  of  NPPV  in  adults  have  not  shown 
conclusive  benefit.  Children  with  severe  COAD  may  require 
relatively  high  peak  inspiratory  pressures  to  overcome  their 
ventilatory  impedance:  thus,  devices  with  limited  inspiratory 
pressure  capability  may  not  be  as  effectix  e  in  this  setting.'" 

Titration  of  Airway  Pressures 

Appropriate  goals  for  the  titration  of  airway  pressures  dur- 
ing NPPV  include  reduced  inspiratory  muscle  effort,  elim- 
ination of  apnea  and  hypopnea,  improved  respiratory  gas 
exchange,  and  improved  sleep  quality.  The  sleep  laboratory 
is  a  site  in  which  the  physiologic  response  to  NPPV  can  be 
critically  examined.  Two  nights  of  study  are  typically  required, 
the  first  night  with  unassisted  ventilation  to  precisely  cate- 
gorize the  pattern  of  respiratory  dysfunction  and  the  second 
night  to  apply  NPPV  and  titrate  the  airway  pressures.  A  one- 
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night  study  with  a  split  protocol  (baseline  followed  by  NPPV) 
can  be  used  to  shorten  the  diagnostic  evaluation,  but  tliis  metluxl 
has  not  been  validated  in  children.  This  method  is  effective 
in  titrating  CPAP  therapy  in  adults  with  OSA  when  the 
apnea/hypopnea  index  is  high.'"'' 

Anecdotal  experience  suggests  that  relatively  lower  CPAP 
pressures  may  be  effective  in  young  children,  but  adolescents 
require  levels  of  pressure  similar  to  those  used  in  adults.'"  In 
using  flow-triggered  devices  to  administer  NPPV.  the  inspi- 
rator.' pressure  must  exceed  the  positi\e  end-expiratory  pres- 
sure (PEEP)  le\el  b\'  a  sufficient  magnitude  to  increase  tidal 
volume,  and  PEEP  should  exceed  5  cm  H^O  to  avoid  CO2 
rebreathing.'"  A  wide  range  of  inspiratory  and  expiratory  pres- 
sure settings  have  been  used  in  the  pediatric  application  of 
NPPV  with  flow-triggered  units.-'— "'•'-  We  typically  start  pedi- 
atric-age  patients  on  an  expiratorv'  pressure  setting  of  5-6  cm 
H:0  and  inspiratory  setting  of  6-10  cm  H:0.  The  expiratory 
pressure  can  be  adjusted  upwards  to  improve  oxygenation,  and 
the  inspiratory  pressure  can  be  increased  to  lower  the  Paco: 
when  necessary.  In  general,  the  difference  between  the  inspi- 
ratory and  expiratory  pressure  settings  directly  impacts  the 
increase  in  tidal  volume.  In  patients  with  chronic  hypercar- 
bia.  it  can  be  hours  before  tlie  Paco:  falls  in  response  to  NPPV. 

Patient  Monitoring 

I  believe  that  children  with  chronic  respiratory  failure  treated 
with  NPPV  should  be  seen  every  2-4  months  in  a  subspecialty 
clinic.  Important  variables  that  should  be  monitored  include 
growth  velocity  and  nutrition,  muscle  strength,  swallowing 
function,  daytime  pulmonary  function,  and  arterial  blood  gas 
values.  The  se\erity  and  expected  progression  of  the  under- 
lying disease  and  the  impact  of  growth  velocity  on  mask  size 
are  all  considerations  in  determining  how  often  sleep  stud- 
ies should  be  repeated.  A  recent  review  of  children  with  OSA 
suggested  that  mask  CPAP  pressures  may  need  adjustment 
every  6-12  months.'^  Operations  to  restore  upper  airway 
patency  are  often  followed  by  a  variable  period  of  tissue  edema. 
Therefore.  NPPV  in  these  patients  should  be  continued  for 
at  least  3-4  weeks  following  surgery  before  a  repeat  sleep  study 
is  repeated  with  the  child  off  assisted  ventilation. 

In  Summary 

NPPV  shows  considerable  promise  as  a  safe  and  effecti\  e 
mode  of  therapy  for  children  with  respiratory  dysfunction. 
NPPV  has  been  reported  in  uncontrolled  case  series  to  be  effec- 
tive in  pediatric  patients  with  acute  hypoxemic  respiratory  fail- 
ure, nocturnal  obstructive  hypoventilation,  neuromuscular 
weakness,  and  cystic  fibrosis.  However,  specific  clinical  sit- 
uations for  children  in  which  NPPV  is  proven  to  reduce  mor- 
bidity, mortality,  or  cost  compared  to  standard  therapy  are  yet 
to  be  identified.  To  apply  NPPV  optimally  in  pediatric  patients, 
the  clinician  should  have  a  clear  goal  in  mind,  and  document 


the  child's  response  through  analysis  of  the  inspiratory  mus- 
cle effort,  respiratory  rate,  and  respiratory  gas  exchange. 
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Introduction 

Since  1990.  there  has  been  increasing  interest  in  provid- 
ing mechanical  venliialion  by  noninvasive  means  to  selected 
patients.  This  interest  has  been  driven  by  the  desire  to  avoid 
the  complications  of  invasive  ventilatory  support,  thus  improv- 
ing morbidity  and  mortality  tor  patients  in  acute  respiratory 
failure.  The  purpose  of  this  paper  is  to  review  the  reported 
success  rates  for  noninvasive  positive  pressure  ventilation 
(NPPV)  for  adult  patients  in  acute  respiratory  failure  and  to 
review  factors  that  have  been  shown  to  predict  success  or  fail- 
ure for  this  technique. 

Controlled  Studies 

Seven  controlled  clmical  trials  of  NPPV  have  been  pub- 
lished since  1990.'^  Of  these.  ?<  used  historical  controls'  '  and 
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4  used  prospective  randomized  controls.^  '  with  a  total  of  176 
patients  receiving  NPPV  and  1 79  receiving  conventional  ther- 
apy. Patients  with  chronic  obstructive  pulmonary  disease 
(COPD)  were  studied  predominantly,  although  1  study  specif- 
ically excluded  patients  with  this  diagnosis.'  Pressure  and  vol- 
ume modes  of  ventilation  were  used  with  critical  care,'-''' 
BiPAP.-"  ;uid  home  c;ue  ventilators.^  Some  studies  used  nasal 
mask  ventilation,-'*''  whereas  others  used  full  face  masks.'-'-'''' 

Intubation  Rates 

A  primary  outcome  v;uiable  in  controlled  studies  of  NPPV 
has  been  the  requirement  for  intubation,  with  a  lower  intu- 
bation rate  in  patients  randomized  to  NPPV  (Table  I ).  The 
overall  rate  of  intubation  in  patients  receiving  conventional 
therapy  was  54%  (95*^  confidence  interval  of  47-61%)  and 
only  23%  (95%  confidence  inter\al  of  17-29%  )  in  patients 
receiving  NPPV. 

Length  of  Hospitalization  &  Cost 

Some  controlled  studies  ha\e  show n  a  reduced  duration 
of  hospitalization  for  patients  receiving  NPPV  compared  to 
those  receiving  conventional  therapy  (Fig.  1).-'  However, 
this  was  not  a  consistent  finding.'"'  Some  studies  have  also 
reported  a  shorter  intensive  care  unit  stay  for  patients  who 
received  NPPV. I- 

Kramer  et  a^  reported  similar  hospital  charges  for  patients 
randomized  to  NPPV  and  con\  entional  therapy.  Criner  et  al** 
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Table  L 

Summary  ot  Controlled  Studies  ol  NPPV 

NPPV 

Control 

Mask 

Ventilator 

Pressure/Volume 

Year 

First  Author          n     Intubated  (%)            n 

Intubated  Ci ) 

Diagnosis 

1990 
1993 
1993 
1995 
1995 


1996 


Brochard' 

Vitacca' 

Bott-* 

Broehard" 

Kramer" 


1995         Wvsockr 


Confalonieri- 
Total 


13 
29 
30 
43 
16 


24 
176 


S 

17 
13 
26 
31 


23 


13 
35 
30 
42 
15 


20 

24 
179 


85 
46 

17 
74 
73 


70 

38 
54 


Full 

Full 

Nasal 

Full 

Nasal 


Full 


Nasal 


Critical  care 
Critical  care 
Home  care 
Critical  care 
BiPAP 


Critical  care 


BiPAP 


Pressure 

Pressure/volume 

Volume 

Pressure 

Pressure 


Pressure 


Pressure 


COPD 
COPD 
COPD 
COPD 
COPD,  CHF,  pneumonia. 

asthma,  puhrionary 

embolism 
Pneumonia,  cardiogenic 

pulmonary  edema, 

laryngeal  edema,  chest 

wall  disease 
COPD 


35 

30- 

25- 

20 

15  ■ 
10  - 

5 

0 


Bott-' 
1993 


Brochard-' 
1995 


I 


Kramer^'  Confalonieri- 

1995  1996 


Fig,  1 .  Duration  of  hospital  stay  in  days  in  4  controlled  studies  of  non- 
invasive positive  pressure  ventilation,  NPPV  (D)  versus  Control  (H), 


found  that  the  present  prospective  reimbursement  system  does 
not  adequately  reflect  the  costs  incurred  using  NPPV  to  treat 
patients  with  respiratory  failure  and  substantial  financial  josses 
can  occur  when  treating  these  patients.  This  may  be  related 
to  the  amount  of  time  and  effort  required  for  successful  appli- 
cation of  NPPV,  Nonetheless.  NPPV  may  increase  value  be- 
cause it  improves  quality  of  care  for  a  cost  similar  to  con- 
ventional therapy. 

Survival 

Controlled  studies  of  NPPV  have  shown  increased  survival 
associated  witli  tliis  tlierapy  (Fig,  2),-"^'  Moreover,  Confalonieri 
et  al-  reported  increased  survival  at  6  months  (7 1  %  in  patients 
who  received  NPPV  and  54%  in  patients  who  received  con- 
ventional therapy)  and  at  12  months  (71'7r  in  patients  who 
received  NPPV  and  50%  in  patients  who  received  conven- 
tional therapy.  Fig.  3). 
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Fig,  2,  In-hospital  mortality  (death  rate)  in  6  controlled  studies  of 
noninvasive  positive  pressure  ventilation,  NPPV  (D)  versus  Con- 
trol Group  (H). 
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Fig,  3,  Survival  of  patients  receiving  noninvasive  positive  pressure 
ventilation  (solid  line)  and  conventional  therapy  (broken  line)  in 
study  reported  by  Confalonieri  et  al  in  1996.  (From  Reference  2. 
with  permission) 
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Uncontrolled  Studies 

In  addition  to  the  controlled  trials  of  NPPV,  its  use  in 
about  700  acutely  ill  patients  has  been  reported  in  uncon- 
trolled trials  (Table  2)/"-  It  is  interesting  to  note  that  the 
overall  success  of  NPPV  in  these  uncontrolled  studies  is 
75% — similar  to  that  reported  in  the  controlled  clinical  tri- 
als. The  accumulated  evidence  in  both  controlled  and  uncon- 
trolled studies  strongly  suggests  that  NPPV  can  avoid  intu- 
bation in  about  75%  of  patients. 

In  uncontrolled  studies  of  NPPV.  the  predominant  diag- 
nosis has  been  COPD  (Table  2).  However,  it  should  be  noted 

Table  2.      Summarv  of  Uncontrolled  Trials  of  NPPV. 


that  NPPV  has  been  used  successfully  in  patients  with  con- 
gestive heart  failure  (CHF).  cardiogenic  pulmonary  edema, 
restrictive  chest-wall  disease,  asthma,  pneumonia,  weaning 
from  mechanical  ventilation,  and  postoperative  respiratory 
failure.  Similar  to  the  controlled  studies.  NPPV  has  been  used 
successfully  with  both  nasal  and  full  face  masks,  and  with  vol- 
ume and  pressure  ventilation.  It  has  also  been  applied  suc- 
cessfully with  critical  care  ventilators,  home  care  ventilators. 
BiPAP  \entilators,  and  proportional  assist  ventilators. 

The  greatest  number  of  patients  treated  with  NPPV  have 
been  reported  in  a  series  of  reports  by  Meduri  et  al.''2iM-3i-33 
This  group  uses  a  critical  care  ventilator  with  a  full  face  mask 


Year 


First  Author         Subjects     Success 


Success 

RateC^f) 


Mask 


Ventilator 


Pressure/ 
Volume 


Diagnosis 


1989 


Meduri'' 


10 


1 990 

Carrey!" 

.1 

3 

1990 
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5 

1991 

Clievrolet'- 

6 

3 

1991 

Marino" 

13 

9 

1991 

Pennock^' 

29 

22 

1991 

Meduri" 

18 

13 

1992 

Folio'^ 

2.^ 

24 

1992 

Benhamou'^ 

.10 

18 

1992 
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T) 

18 

199.1 

Conway'^ 

10 

7 
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.■iO 
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47 


79 
93 


64 


1994 
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18 

64 
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Soo  Hoo-' 
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7 
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Lapinsky" 
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-i 
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11 
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49 
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8 

73 
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71 
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Meduri' 

17 

16 

94 

1996 
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50 

43 

86 

Total 

696            522 
c  pulmonar)  disease: 

75 

*COPD  = 

=  chronic  obstructiv 

CHF  = 

Full 

Critical  care 

Pressure 

Nasal 

Home  care 

Pressure 

Nasal 

Home  care 

Volume 

Nasal 

Home  care 

Volume 

Na.sal 

Critical  care 

Volume 

Nasal 

BiPAP 

Pressure 

Full 

Critical  care 

Pressure 

Nasal 

Critical  care 

Volume 

Nasal 

Critical  care 

Volume 

Nasal 

Home  care 

Pressure 

or  BiPAP 

or  volume 

Nasal 

Critical  care 

Volume 

Full 

Critical  care 

Pressure 

Full 

Critical  care 

Pressure 

Nasal 

Critical  care 

Pressure 
or  volume 

Full 

Critical  care 

Pressure 

Na,sal 

BiPAP 

Pressure 

Nasal 

Critical  care 

Volume 

Nasal 

BiPAP 

Pressure 

Nasal 

BiPAP 

Pressure 

Nasal 

BiPAP 

Pressure 

Full 

Critical  care 

Pressure 
or  volume 

Full/nasal 

Proportional 

Pressure 

assist  ventih 

jtion 

Full 

Critical  care 

Pressure 

Full 

Critical  care 

Pressure 

Nasal 

BiPAP 

Pressure 

COPD*.  CHF.  ARDS.  cardiogenic 

pulmonary  edema 
COPD.  chest-wall  disease 
COPD.  chest-wall  disease,  fibrothorax. 

cystic  fibrosis 
COPD.  cystic  fibrosis,  restrictive  lung 

disease 
COPD 

Postoperative.  ARDS,  COPD.  CHF 
COPD.  CHF.  asthma,  tlhrothorax. 

pneumonia 
COPD 

COPD.  CHF.  asthma 
Variety  of  diagnoses;  all  patients 

weaning  from  mechanical  ventilation 
COPD 
COPD.  postoperative,  pulmonary 

fibrosis,  cardiogenic  pulmonary 

edema 
COPD 
Weaning  from  artificial  airway  of 

patients  with  COPD.  postoperative. 

chest-wall  disease,  neuromuscular 

disease 
Do-not-inlubate  with  respiratory 

failure 
COPD 
COPD 

Cardiogenic  pulmonary  edema 
Postoperative.  COPD 
Patients  with  respiratory  distress 
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COPD 
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pneumonia 
COPD.  pulmonary  edema,  pneumonia. 

asthma,  post-extubation 
Status  asthmaticus 
COPD.  CTIF.  pneumonia,  status 

asthmaticus 


CHF  =  congestive  heart  failure:  ARDS  =  acute  respiratory  distress  syndrome. 
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and  has  reported  success  (ie.  improved  gas  exchange  and  avoid- 
ance of  intubation)  in  patients  with  hypercapnic  and  hypox- 
emic respiratory  failure  with  a  variety  of  clinical  diagnoses 
(Fig.  4).  Although  their  work  is  uncontrolled,  Meduri  et  al" 
have  shown  mortality  rates  in  patients  receiving  NPPV  that 
are  less  than  predicted  by  APACHE  II  scores.  They  also  report 
a  low  complication  rate,  the  most  common  of  which  is  facial 
skin  necrosis. 
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Fig.  4.  Use  of  noninvasive  positive  pressure  ventilation  in  patients 
with  a  variety  of  diagnoses,  sfiowing  the  total  number  of  patients 
(D)  and  the  number  intubated  (8)  in  each  group.  Graph  is  based 
on  data  from  Reference  31 . 


the  first  8  hours,  Kramer  et  a^  showed  that  the  time  require- 
ment for  respiratory  therapists  was  greater  for  patients  treated 
with  NPPV  than  those  intubated  (Fig.  5).  Therapists"  time 
decreased  significantly  for  the  second  8  hours  and  was  less 
for  patients  treated  with  NPPV  than  those  who  were  intubated. 
It  is  interesting  to  note  that  Kramer  et  al*"  also  found  that  nurs- 
ing time  was  greater  for  the  first  8  hours  in  those  patients  who 
were  intubated  and  greater  in  the  second  8  hours  for  patients 
who  received  NPPV.  It  has  been  my  experience  that  the  first 
hour  of  NPPV  is  labor  intensive,  but  this  time  is  well  worth 
the  benefit  of  avoiding  intubation  and  a  long  course  of  inva- 
sive mechanical  ventilation.  I  have  also  noted  that  the  diffi- 
culties and  time-intensity  of  NPPV  decrease  as  the  clinical  team 
becomes  more  comfortable  and  familiar  with  this  approach. 
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Predictors  of  Success 
Caregiver  Issues 

If  NPPV  is  to  be  successful,  those  caring  for  the  patient 
(physicians,  nurses,  respiratoiy  therapists)  must  be  committed 
to  the  approach.  This  is  usually  achieved  by  familiaiizing  these 
persons  with  the  accumulated  evidence  suggesting  that  NPPV 
improves  outcome  in  selected  patients.  Selection  criteria  and 
clinical  application  must  be  understood  by  those  caring  for 
these  patients.  Physicians  must  appreciate  selection  criteria; 
respiratory  therapists  must  understand  the  issues  related  to 
ventilator  management  and  selection  of  an  appropriate  inter- 
face; and  nursing  personnel  must  appreciate  issues  related  to 
mask  fit  and  skin  care.  Successful  application  of  NPPV  often 
begins  with  a  clinical  champion  in  the  institution  and  may  be 
facilitated  by  use  of  a  dedicated  respiratory  therapist  who  con- 
ducts educational  programs  for  clinical  staff  and  supervises 
protocols  for  use  of  NPPV." 

Some  clinicians  are  reluctant  to  initiate  NPPV  due  to  con- 
cerns related  to  time  requirements  and  difficulties  encountered 
when  NPPV  is  initiated.  Fitting  the  interface  (mask),  selec- 
tion of  appropriate  ventilator  settings,  and  patient  coaching 
mav  be  labor  intensive  for  the  first  hours  of  NPPV.  During 


Fig.  5.  Time  requirements  for  respiratory  therapy  and  nursing  per- 
sonnel to  provide  noninvasive  positive  pressure  ventilation.  NPPV 
(D)  and  Control  (B).  (From  Reference  6,  with  permission) 


Ventilator  &  Patient  Interface  Issues 

A  variety  of  ventilators  and  modes  have  been  used  suc- 
cessfully to  apply  NPPV  (Tables  I  &  2).  In  patients  with  sta- 
ble but  chronic  respiratory  failure  treated  with  nasal  NPPV. 
Meecham  Jones  and  Wedzicha'-"  found  no  difference  between 
two  portable  pressure  support  ventilators  (BiPAP  and  Thomas 
NIPPY)  and  volume  ventilators  (BromptonPAC  and  Mon- 
nal-D).  In  patients  with  an  acute  exacerbation  of  COPD  who 
were  treated  with  nasal  NPPV,  Meecham  Jones  et  aP''  reported 
no  difference  between  pressure  support  ventilation  (BiPAP) 
and  volume  ventilation  (BromptonPAC).  Elliott  et  al'* com- 
pared nasal  NPPV  delivered  by  a  volume  ventilator  or  pres- 
sure support  to  1 1  stable  patients  with  chronic  respiratory  fail- 
ure and  found  that  both  approaches  substantially  reduced 
inspiratory  muscle  work.  It  should  be  noted  that  these  were 
short-term  physiologic-response  studies.  To  my  knowledge, 
no  published  study  has  compared  outcomes  such  as  intuba- 
tion rates  and  survival  in  patients  randomized  to  different  ven- 
tilators or  modes  for  NPPV. 
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NPPV  has  been  applied  successfully  using  either  nasal 
or  full  facial  masks  (Tables  1  &  2).  To  my  knowledge,  no 
published  study  has  comp;ired  use  of  nasal  and  full  face  masks 
during  NPPV  for  acute  respiratoiy  failure.  The  choice  of  inter- 
face, like  the  choice  of  ventilator  and  mode,  is  often  based 
upon  the  bias  and  experience  of  the  clinician.  My  personal 
preference  is  to  use  a  full  facial  mask  to  initiate  NPPV  in 
patients  with  acute  respiratory  failure — when  mouth  leaks 
constitute  a  problem,  then  transition  to  a  nasal  mask  after  the 
initial  acute  phase.  In  practice,  a  vm'iety  of  interfaces  should 
be  available,  and  the  correct  choice  is  often  determined  by 
trial  and  error. 

Several  studies  evaluated  the  trigger  and  cycle  charac- 
teristics of  NPPV  ventilators.-"-'''^  Although  differences  exist 
among  ventilators,  the  clinical  importance  and  impact  on  out- 
come are  unknown.  It  is  reasonable  to  use  devices  that  trig- 
ger and  cycle  responsively  to  the  patient's  breathing  pattern. 
It  is  also  of  benefit  to  use  a  device  that  compensates  for  leaks, 
which  is  a  theoretical  (but  unstudied)  benefit  of  the  BiPAP 
and  similar  devices. 

An  issue  that  has  generated  considerable  interest  with  the 
BiPAP  device  is  the  potential  for  CO:  rcbreathing.  This  is  of 
particular  concern  for  patients  with  acute  hypercapnic  res- 
pirantry  failure.  Ferguson  and  Gilmarlin""'  reported  signifi- 
cant rebreathing  when  BiPAP  was  used  with  its  stand;ird  v\  his- 
per  swivel  exhalation  device,  which  affected  the  ability  of  the 
device  to  reduce  P.ico;.  Further,  they  found  that  CO;  rebreath- 
ing could  be  effectively  eliminated  by  use  of  a  higher  PEEP 
level  (>  8  cm  H2O)  or  a  nonrebreathing  exhalation  valve. 
Lofaso  et  aP'  also  found  the  degree  of  CO:  rebreathing  de- 
creased when  a  higher  PEEP  level  was  applied. 

Lofaso  et  aH'  compared  pressure  support  through  an  arti- 
ficial airway  by  BiPAP  with  a  whisper  swivel  and  v\ith  a  non- 
rebreathing valve  and  by  conventional  critical  care  \entila- 
tor.  Compared  to  the  other  methods,  the  BiPAP  with  whisper 
swivel  resulted  in  similar  ;ulerial  blood  gas  results  but  required 
a  higher  tidal  volume,  minute  ventilation,  and  work  of  breath- 
ing. This  was  attributed  to  CO2  rebreathing  when  the  whis- 
per swivel  was  used.  The  BiP.^P  with  nonrebreathing  valve 
prevented  CO:  rebreathing,  but  the  adilitional  expiratory  resis- 
tance resulted  in  greater  PEEP  and  more  difficult  triggering. 
In  another  study,  Lofaso  et  al'''  founil  that  larger  esophageal 
pressure  swings  occurred  when  BiPAP  w  ith  nonrebreathing 
valve  was  compared  to  a  critical  care  ventilator,  which  they 
suggested  was  due  to  poor  trigger  sensitivity. 

Whether  rebreathing  is  important  enough  to  affect  outcome 
with  BiPAP  and  similar  devices  that  do  not  have  separate  inspi- 
ratory and  expiratoiy  lines  is  unknown.  BiPAP  has  been  used 
successfully  to  treat  acute  respiratory  failure  (Tables  1  &  2|, 
including  a  prospective  randomized  trial.''  It  can  be  argued 
that  the  studies  by  Lofaso  et  aP'*'"  are  irrele\  ant  relative  to 
NPPV  because  they  evaluated  these  devices  in  patients  with 
artificial  airways.  Nonetheless,  it  seems  prudent  to  use  a  ven- 
tilator and  interface  that  mininii/'e  rebreathing  during  acute 


hypercapnic  respiratory  failure.  Another  issue  related  to 
rebreathing  during  NPPV  is  the  volume  of  the  interface  (mask), 
which  has  not  been  clinically  evaluated  to  my  knowledge.  In 
one  study,  an  attempt  was  made  to  reduce  the  dead  space  by 
placing  a  foam  insert  into  the  mask.' 

For  acute  care  applications,  it  is  also  important  to  be  able 
to  precisely  adjust  the  oxygen  concentration  that  the  patient 
receives  (Fio:)  and  a  modest  level  of  oxygen  supplementa- 
tion may  be  needed.  In  my  experience,  this  has  been  a  lim- 
itation of  the  BiPAP  and  similar  devices  when  used  in  the 
treatment  of  acute  respiratory  failure.  With  these  devices,  oxy- 
gen is  administered  by  titrating  it  into  the  mask,  resulting  in 
an  unknown  and  imprecise  Fjo;.  The  level  of  ventilator  mon- 
itoring necessary  during  NPPV  is  controversial.  Although 
the  level  of  monitoring  and  the  alarms  available  on  critical 
care  ventilators  may  be  unnecessary,  it  seems  prudent  to  at 
least  monitor  airway  pressure  and  provide  a  disconnect  alarm 
during  NPPV. 

An  issue  related  to  NPPV  is  the  delivery  of  inhaled  med- 
ications. If  a  critical  care  ventilator  is  used,  aerosols  can  be 
delivered  using  the  nebulizer  control  integral  to  the  venti- 
lator. Aerosols  can  also  be  delivered  by  nasal  mask  during 
BiPAP.  Pollack  et  aP-  randomized  patients  with  wheezing 
to  aerosolized  albuterol  without  or  with  BiPAP  (inspiratory 
pressure  of  10  cm  H:0  and  expiratory  pressure  of  5  cm  HiO) 
and  found  that  the  increase  in  peak  expiratory  flow  was  bet- 
ter when  BiPAP  was  used — even  with  nasal  inhalation  of  the 
drug.  To  my  knowledge,  use  of  MDl  during  NPPV  has  not 
been  reported. 

Patient  Issues 

Appropriate  patient  selection  is  an  important  predictor  of 
success.  Common  selection  criteria  include  acute  respiratory 
distress  (moderate  to  severe  dyspnea,  accessory  muscle  use, 
tachypnea)  and  h>'percapnia  (pH  <  7.35  and  Paco:  ^  45  ton")."^-'-" 
Some  groups  have  also  used  NPPV  to  treat  acute  hypoxemic 
respiratory  failure.""  Commonly  reported  exclusion  criteria 
include  apnea  or  need  for  immediate  intubation,  hypotension 
(systolic  blood  pressure  <  90  mm  Hgi.  uncontrolled  dys- 
rhythmias and/or  evidence  of  myocardial  ischemia,  upper  air- 
way obstruction  or  facial  trauma,  inability  to  clear  secretions, 
inability  to  cooperate,  and  facial  deformity  or  other  inabil- 
ity to  fit  the  interface  (mask). '•''■■'" 

The  strongest  evidence  of  effectiveness  of  NPPV  for  acute 
respiratory  failure  comes  from  COPD  patients  with  acute 
decompensation  (Tables  1  &  2).  Of  7  controlled  trials  of 
NPPV,  5  included  only  patients  with  COPD  (Table  1 )." 
Kramer  el  al''  reported  a  more  striking  difference  in  intu- 
bation rates  between  NPPV  and  conventional  therapy  for 
patients  with  COPD  (Fig.  6).  Wysocki  et  al'  excluded  patients 
with  COPD  and  found  that  the  intubation  rate  was  lower 
with  NPPV  than  with  conventional  therapy  only  for  patients 
v\  ho  were  hypercarbic  (Fig.  6).''  Although  the  strongest  evi- 
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dence  (ie,  controlled  clinical  trials)  suggests  that  NPPV  is 
likely  to  be  successful  for  patients  with  COPD  and/or  hyper- 
capnic  respiratory  failure,  it  should  be  noted  that  NPPV  has 
been  used  successfully  in  the  treatment  of  hypoxemic  res- 
piratory failure." 
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Fig.  6.  Success  of  noninvasive  positive  pressure  ventilation  in 
patients  witli  and  without  chronic  obstructive  pulmonary  disease 
and  with  and  without  hypercarbia,  NPPV  (D)  and  Control  (■). 


The  initial  response  to  NPPV  may  predict  success  or  fail- 
ure. Brochard  et  al-  found  that  most  patients  who  failed  NPPV 
were  intubated  within  the  first  12  hours  of  therapy.  Soo  Hoo 
et  al-'  found  that  there  was  a  more  rapid  decrease  in  Paco:  in 
patients  where  NPPV  was  successful,  and  Meduri  et  al"  found 
that  Paco:  increased  in  patients  when  NPPV  failed  and 
decreased  in  patients  when  NPPV  was  successful  (Fig.  7). 
Meecham  Jones  et  al'''  found  that  Paco;  tended  to  increase  in 
patients  treated  with  NPPV  who  had  a  baseline  Paco:  >  65  torr. 
whereas  PacO:  decreased  when  the  baseline  level  was  lower. 
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Fig.  7.  Changes  in  Pacoz  in  patients  who  responded  successfully 
( — )  and  those  who  did  not  respond  (-  -)  to  noninvasive  positive 
pressure  ventilation  as  reported  in  References  23  and  31.  See  text 
for  details. 


Two  studies  were  designed  specifically  to  identify  deter- 
minants of  success  and  failure  of  NPPV.  Soo  Hoo-'  used  nasal 
NPPV  delivered  by  a  volume  ventilator  to  1 2  COPD  patients 


in  acute  hypercapnic  respiratory  failure.  Unsuccessful  nasal 
NPPV  was  associated  with  greater  severity  of  illness,  greater 
mouth  leak,  and  increased  difficulty  acclimating  to  NPPV 
(Table  3 ).  The  greater  mouth  leak  was  associated  with  patients 
who  were  edentulous,  had  excess  secretions,  and  used  pursed 
lips  breathing.  Ambrosino  et  al-*  used  pressure  or  volume 
NPPV  delivered  through  a  nasal  or  full  face  mask  to  47  patients 
with  acute  respiratory  failure  due  to  COPD.  They  found  that 
5  variables  had  a  predictive  value  >  0.80  for  distinguishing 
between  success  and  failure  of  NPPV  (Table  4).  By  logistic 
regression  analysis,  only  baseline  pH  reinained  significant, 
with  a  sensitivity  of  0.97  and  specificity  of  0.71.  Success  was 
greater  for  patients  with  a  higher  baseline  pH.  perhaps  because 
low  pH  was  a  marker  of  more  severe  illness. 


Table  3.      Factors  Predicting  Success  of  Nasal  NPPV  in  Patients  with 
COPD  (data  from  Reference  23). 


Factor 


Successful* 


Not  Successful     P  Value 


.APACHE  II  Score  15      (4) 

Exhaled  Tidal  Volume  (mL)  757    (79) 

Mouth  Leak  (mL)  100    (70) 

Duration  of  NPPV  (hr)  22.7(15.6) 


21         (4) 

0.02 

514    (168) 

0.002 

314    (107) 

0,002 

1,4     (1.6) 

0.01 

'Values  are  mean  (SD). 


Table  4.      Predictability.  Sensitivity,  and  Specificity  of  5  Parameters  of 
Success  of  NPPV  in  Patients  with  COPD  (data  from 
Reference  28). 


Factor 

Predictability 

Sensitivity 

Specificity 

APACHE  II  Score 

0.85 

0.90 

0.67 

Neurologic  Score 

0.84 

0.80 

1.0 

NPPV  PaCO; 

0.85 

0.87 

0.73 

Baseline  pH 

0.08 

0.87 

0.54 

NPPV  pH 

0.92 

0.93 

0.95 

In  Conclusion 

NPPV  is  useful  in  decreasing  the  intubation  rate  in  patients 
with  acute  respiratory  failure.  This  is  particularly  the  case 
for  patients  with  COPD.  The  results  of  some  studies  also  sug- 
gest a  survival  benefit  for  use  of  NPPV  in  patients  with  acute 
respiratory  failure  associated  with  COPD.  More  severely  ill 
patients  and  those  with  excessive  secretions,  altered  neu- 
rologic status,  or  hemodynamic  compromise  may  be  less 
likely  to  respond  successfully  to  NPPV  (ie,  avoid  intuba- 
tion). The  initial  Paco:  change  and  mask  tolerance  may  also 
be  predictors  of  success.  It  is  unknown  whether  technical 
issues  such  as  type  of  ventilator,  choice  of  pressure  versus 
volume  ventilation,  and  nasal  versus  full  facial  mask  affect 
outcome  for  NPPV. 
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Introduction 

The  administralion  of  positive  pressure  venliiation  non- 
invasively  ( ie,  via  a  mask  or  olher  interlace,  without  the  need 
for  airway  invasion)  has  been  jzaining  popularitv  mer  the  past 
decade  I'or  therapy  of  both  acute  and  chronic  forms  of  res- 
piratory failure.  Potential  advantages  of  noninvasive  posi- 
tive pressure  ventilation  (NPPV)  over  invasive  ventilation 
include  avoidance  of  airway  trauma,  greater  comfort,  and 
preservation  of  airway  defenses  and  speech  and  swallowing 
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functions.  Controlled  studies  in  patients  with  acute  respiratoiy 
failure  due  to  chronic  obstructi\e  pulmoniuy  disease  (COPD) 
show  that  NPPV  nia\  be  used  to  avoid  intubation'  and  to  lower 
complication  ;ind  niortalitv  rates.-'  For  chronic  respiratory 
failure,  stutiies  show  long-term  success  rales  comparable  to 
those  achieved  with  chronic  invasive  ventilation  among 
patients  with  neuromuscular  and  restrictive  chest-wall  dis- 
eases.'-^ These  studies  demonstrate  that  NPPV  is  generally 
safe  and  w  ell  tolerated,  but  some  complications  do  occur.  In 
this  paper.  1  discuss  complications  and  limitations  occurring 
w  ith  the  use  of  NPPV.  beginning  with  those  associated  with 
the  mask  and  positive  pressure  ventilation,  those  interfering 
with  patient  acceptance  and  adaptation,  and  those  inherent 
to  ni)ninvasive  techniques. 

Complications  Related  to  the  Interface 

Interface-related  problems  are  the  most  commonly  encoun- 
tered complications  during  NPPV.  Different  types  of  inter- 
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faces  are  used  to  administer  NPPV,  and  the  specific  problems 
encountered  depend  on  type. 

Nasal  Masks 

The  most  widely  used  interface,  particularly  for  chronic 
respiratory  failure,  is  the  standard  nasal  mask.  Its  popular- 
ity derives  from  its  widespread  commercial  availability  in 
numerous  sizes  and  types  and  its  high  rate  of  patient  accep- 
tance for  nocturnal  ventilation.  The  standard  nasal  mask  (Fig. 

1 )  was  initially  developed  for  delivery  of  nasal  continuous 
positive  airway  pressure  (CPAP)  to  treat  obstructive  sleep 
apnea,  but  investigators  soon  learned  that  it  also  was  an  effec- 
tive means  of  delivering  positive  pressure  ventilation  via  the 
nose,  mainly  in  patients  with  neuromuscular  diseases  and 
kyphoscoliosis.'''  The  standard  nasal  mask  consists  of  a  tri- 
angular-shaped clear  plastic  cowl  that  fits  over  the  no.se  and 
is  connected  to  ventilator  tubing.  A  soft  rubber  or  silicone 
flange  contacts  the  skin  and  creates  an  air  seal.  Alternative 
nasal  masks  include  nasal  'pillows*  or  "seals'  that  consist  of 
soft  rubber  pledgets  that  insert  directly  into  the  nostrils  (Fig. 

2)  or  custom-fitted  nasal  masks  made  of  prosthetic  materi- 
als (Lifecare  Inc.  Westminster  CO). 


Fig.  2.  Nasal  'pillows,'  or  seals,  with  tubing  and  head  and  chin 
straps  (Nellcor  Puritan  Bennett,  Lenexa  KS) — an  alternative  to  the 
standard  nasal  mask. 


Fig.  1.  Standard  continuous  positive  pressure  nasal  masl< 
(Respironics  Inc,  Murrysville  PA)  originally  developed  tor  sleep 
apnea  patients  but  found  to  be  effective  for  delivering  positive 
pressure  ventilation. 


As  shown  in  Table  1 .  the  most  common  adverse  side  effect 
of  all  nasal  mask  types  is  discomfort  at  points  of  skin  con- 
tact, related  to  the  tension  necessary  to  control  air  leaks.  The 
pattern  of  discomfort  varies  with  mask  type,  as  might  be  sur- 
mised, with  the  standard  nasal  mask  applying  most  pressure 
over  tlie  bridge  of  the  nose  and  cheeks  and  nasal  pillows  apply- 
ing most  to  the  nares.  To  minimize  this  problem,  proper  fit- 
ting of  the  mask  is  essential,  and  the  least  strap  tension  that 
acceptably  controls  air  leaks  should  be  used.  The  smallest 
mask  size  that  just  encompasses  the  nose  is  usually  best,  and 
fitting  is  enhanced  by  using  commercially  available  fitting 


gauges.  (Respironics  Inc,  Murrysville  PA).  The  most  com- 
mon enor  in  administering  nasal  ventilation  is  to  apply  excess 
tension  on  the  straps  in  an  effort  to  minimize  air  leaking. 
Should  this  occur,  the  first  step  is  to  niake  certain  that  the 
mask  is  not  too  large.  Next,  the  mask  should  be  lifted  entirely 
away  from  the  face  and  repositioned  to  assure  proper  seat- 
ing of  the  flaps.  Forehead  spacers  should  also  be  used  and 
replaced  at  regular  intervals  to  redistribute  pressure  away  from 
the  nasal  bridge.  Strap  tension  should  be  adjusted  so  that  no 
fewer  than  two  fingers  can  be  accommodated  under  them. 
Alternatively,  different  strap  systems  such  as  skull  caps  or 
softer  materials  should  be  tried  to  enhance  comfort.  Masks 
with  thin  plastic  flaps  (Sullivan  ■"bubble""  mask,  Resmed  Inc, 
San  Diego  CA),  or  the  addition  of  thin  flaps  over  the  stan- 
dard mask  (Comfort  Flaps,  Respironics  Inc)  may  enhance 
sealing  at  lower  strap  tensions.  Alternatively,  nasal  pillows 
(Nellcor  Puritan  Bennett  Inc,  Lenexa  KS)  or  seals  (Health- 
dyne  Inc,  Marietta  GA)  may  be  used  to  avoid  pressure  on  the 
bridge  of  the  nose  and  cheeks. 

Pressure  sores  occur  when  excessive  pressure  is  applied 
for  too  long,  leading  to  ulceration  of  the  nasal  bridge  in  up 
to  1 0%  of  patients  ( Fig.  3  ).^  Should  ulceration  occur,  aitificial 
skin  (Duoderm,  Bristol-Meyers-Squibb  Inc,  Princeton  NJ) 
may  be  applied  to  the  area  to  afford  greater  protection  and 
efforts  to  miniiriize  pressure  redoubled.  Once  again,  nasal  pil- 
lows may  be  used  to  avoid  contact  with  the  bridge  of  the  nose 
and  cheeks,  but  patients  may  find  these  equally  uncomfort- 
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Table  I .      Adverse  Effects  of  Interfaces  and  Possible  Remedies 


Interface 


Nasal  and  Oronasal  Masks 


Oronasal  Masks 


Mouthpieces/Lip  Seals 


Adverse  Effect 


Discomfort 
Nasal  bridge  redness, 
pressure  sores 
Acneiform  rash 

Impede  speech  and  eating 

Claustrophobia 

Aspiration 


Interference  with  swallowing, 
salivary  retention 
Pressure  on  lips,  cheeks 
Dental  deformity 
Aerophagia 
Allergic  reactions 
Nasal  air  leaking 
Accidental  disconnection 


Remedy 


Proper  til.  adjust  strap  tension,  change  mask  type 
Reduce  strap  tension,  use  forehead  spacer,  try  nasal  "pillows," 
use  artificial  skin 
Cortisone  cream,  alternative  mask 

Permit  periodic  removal  if  tolerated  by  the  patient 
Choose  clear  masks  with  minimal  bulk 

Exclude  patients  unable  to  protect  airway;  nasogastric  lubes  for 
patients  with  nausea  and  abdominal  disienlion 

Coaching,  adaptation 

Proper  fit.  strap  adjustment 

Orthodontic  consultation 

Simethicone,  coaching 

Change  prosthetic  materials 

Nose  clips,  pledgets 

Appropriate  alarms  in  ventilator-dependent  patients 


able  because  ol  ptessuie  on  the  nates.  In  this  situalitm,  alter- 
nating between  the  2  mask  types  may  piovide  a  solution. 
Acneiform  rashes  may  occasionally  occur  at  points  of  skin 
contact,  particularly  on  the  cheeks.  These  often  respond  to 
hydrocortisone  cream  or  topical  antibiotics.  Some  patients 
experience  claustrophobic  reactittns  u  ith  standard  nasal  masks 
that  may  be  ameliorated  w  ith  nasal  pillows  or  newer  masks 
that  are  more  compact  and  use  softer  rubber  for  nasal  seal- 
ing, such  as  the  Monarch  Minimask  (Respironics  Inc).  How- 
ever, this  nia.sk  has  not  been  tested  with  NPPV.  With  the  wide 
variety  of  nasal  masks  commercially  available,  an  acceptable 
mask  assembly  can  usually  be  found,  and  custom  fitting  is 
rarely  necessary. 


H 


> 


Fig.  3.  Nasal  ulceration  induced  by  excessive  pressure  from  a 
nasal  continuous  positive  airway  pressure  (CPAP)  mask  used  to 
deliver  noninvasive  ventilation.  The  patient  was  elderly,  had  con- 
gestive heart  failure,  and  used  the  mask  continuously  over  a  sev- 
eral day  penod.  All  factors  may  have  contributed  to  ulceration. 


Oronasal  Masks 

Oronasal  masks  cover  both  the  nose  and  mouth  (Fig.  4) 
and  are  prefeiTcd  by  some  investigators  for  therapy  of  acute 
respiratory  failure.  Compared  to  nasal  masks,  oronasal  masks 
may  reduce  air  leaking  through  the  mouth  or  under  the  mask. 
On  the  other  hand,  nasal  masks  permit  speech  and  eating  dui- 
ing  use.  Oronasal  masks,  like  nasal  masks,  can  cause  discomfort 
at  areas  of  skin  contact  and  ulceration  at  the  btidge  of  the  nose. 
They  tnay  also  cause  more  claustrophobic  reactions,  and  air 
leaking  at  the  point  of  contact  with  the  lower  jaw  may  be  a 
persistent  problem,  pailicularK  in  edentulous  patients.  A  risk 
associated  with  the  use  of  oronasal  masks  is  aspiration  fol- 
lowing vomiting  because  of  vomitus  retained  in  the  mask.  This 
concern  htis  led  to  the  recommendation  that  a  nasogastric  tube 
be  used  routinel)  w  ith  oronasal  ventilation.''  However,  because 
the  complication  is  unusual,  nasogastric  tubes  are  probably 
unnecessarv  unless  patients  have  nausea  and  vomiting  or 
abdominal  pain  with  distention. 

Mouthpieces 

Lip  seals,  mouthpieces,  and  custom-fitted  orthodontic 
devices  have  not  been  used  as  widely  as  nasal  or  oronasal 
masks,  and  fewer  descriptit)ns  have  been  published.  Nonethe- 
less, successful  application  of  NPPV  via  mouthpiece  has  been 
reported  in  a  kuge  number  of  patients  with  neuromuscular  dis- 
ease." Common  problems  assticiated  with  lip-seal  ventilation 
include  discomfort  caused  by  foreign  material  in  the  mouth 
;ind  pressure  from  the  lip  seal,  and  difficulty  swallow  ing,  with 
retention  ot  saliva.  Pressure  sores  iKCur  on  the  cheeks  or  gums 
when  lip  seals  are  strapped  on  too  tightly.  Air  leakage  iiround 
the  lip  seal  or  through  the  nose  may  impair  efficacy,  some- 
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Fig.  4.  Oronasal  mask  (Spectrum,  Respironics  Inc)  that  is  suitable 
for  ttne  delivery  of  noninvasive  ventilation  because  it  tias  a  valve 
tfiat  prevents  rebreathing  and  a  rapid-release  strap  to  be  used  in 
ttie  event  of  ventilator  failure.  Note  that  it  applies  pressure  to  the 
bridge  of  the  nose,  can  produce  pressure  sores,  and  depends  on 
sealing  over  the  mandible  to  prevent  air  leakage. 


2).  For  this  rea.son.  I  advise  initiating  NPPV  witl:  relatively 
low  peak  inspiratory  pressures  (8-12  cm  H2O).  Pressures  can 
then  be  gradually  titrated  upward  as  tolerated  by  the  patient. 
Nasal  congestion  and  dryness  are  also  common  complaints, 
sometimes  occurring  at  different  times  in  the  same  patient. 
Mouth  drooling  and  dimness  are  also  common,  the  latter  usu- 
ally associated  with  air  leaking  tlirough  the  mouth.  Nasal  con- 
gestion usually  responds  to  nasal  steroids  or  antihistamine- 
decongestant  combinations.  Nasal  congestion  associated  with 
upper  respiratory  infections  probably  interferes  with  the  effi- 
cacy of  NPPV,  and  topical  vasoconstrictors  may  be  useful  tem- 
porarily during  such  periods.  Nasal  dryness,  often  associated 
with  a  sensation  of  cold  or  burning,  may  respond  to  use  of 
topical  saline  or  emollient  sprays.  Oral  dryness  may  lessen 
in  response  to  measures  aimed  at  reducing  mouth  leaking,  such 
as  chin  straps.  However,  if  dryness  fails  to  respond  to  these 
measures,  humidifiers  should  be  added  to  the  breathing  cir- 
cuit. When  pressure-limited  ventilators  are  used,  pass-over 
type  humidifiers  should  also  be  used.  In  my  experience,  heat 
and  moisture  exchangers  and  bubble-through  humidifiers 
increase  ventilator  circuit  resistance,  interfering  with  tiiggering 
and  rendering  ventilator  pressure  setting  inaccurate.  When 
dryness  becomes  severe,  epistaxis  sometimes  occurs  during 
nasal  \entilation.  This  is  treated  with  kxal  meiLsures  and  liiimid- 
ification.  Petroleum  jelly  gently  applied  to  the  internal  sur- 
face of  the  affected  nares  may  prevent  further  episodes. 

Table  2.      Adverse  Effects  Associated  with  Air  Pressure  and  Flow  w  ith 
Possible  Remedies 


times  necessitating  insertion  of  nasal  pledgets  or  the  use  of 
nose  clips.  In  my  experience,  one  patient  developed  severe 
hypoventilation  when  growth  of  a  mustache  and  beard  did  not 
allow  the  lip  seal  to  seal  adequately.  Many  of  the.se  problems 
can  be  overcome  with  fitting  adjustments  and  adaptation,  but 

I  have  found  that  commercially  available  mouthpiece  and  lip- 
seal  systems  are  less  well  tolerated  by  patients  than  are  nasal 
masks.  Nonetheless,  some  centers  have  reported  excellent 
results  with  custom-made  mouthpieces  fitted  by  an  oral  pros- 
thetist.'^  In  addition  to  the  listed  adverse  effects,  these  centers 
report  occasional  allergic  reactions  to  the  prosthetic  materi- 
als, dental  deformation,  and  aerophagia.  They  have  reported 

I I  deaths  associated  with  mouthpiece  ventilation  among  257 
users  with  neuromuscular  disease.''  Some  deaths  occurred  when 
the  mouthpiece  accidentally  fell  out  in  patients  who  were  depen- 
dent on  mechanical  ventilation,  so  adequate  monitoring  and 
alarms  for  such  patients  are  advisable. 

Complications  Associated  with  Air  Pressure  &  Flow 

Nasal  &  Sinus  Pain  &  Discomfort 

Air  pressure  in  the  nose  and  sinuses  may  cause  pain,  burn- 
ing, coldness,  or  ear  pain  during  the  initiation  of  NPPV  (Table 


Adverse  Effect 


Remedy 


Noise 

Nasal,  sinus,  or  ear  pain 
Nasal  dryness,  coldness, 
burning,  or  epistaxis 
Nasal  congestion 


Oral  dryness 
Gastric  insufflation 

Eye  irritation 

Barotrauma,  pneumothorax 
Poor  synchrony,  autocycling 


Obtain  muftler.  alternative  ventilator 

Reduce  pressure 

Nasal  saline  or  emollient,  heated 

humidifier 
Topical  nasal  steroids,  anticholinergics. 

oral  decongestant/antihistamines,  topical 

decongestants  (temporary  I 
Chin  straps,  humidifier 
Reassurance,  pressure  reduction, 

simethicone 

Proper  mask  fit.  alternative  mask 
Inflation  pressure  reduction,  pleurodesis 
Consider  ventilator  with  adjustable 

sensitivity  and  rise  time 


Gastric  Insufflation 

Gastric  insufflation  is  reported  in  up  to  50<7r  of  patients  using 
NPPV.'"  but  is  rarely  intolerable.  This  may  be  because  the 
lower  esophageal  sphincter  pressure  is  estimated  to  be  33  cm 
HiO."  well  above  peak  insufflation  pressures  commonly  used 
for  NPPV.  Patients  often  note  increased  eructation  or  flatu- 
lence for  a  few  hours  in  the  morning  after  using  NPPV  at  night, 
but  the  author  has  encountered  only  one  patient  who  foivi 
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this  symptom  intolerable.  This  patient  failed  to  improve  after 
a  gastric  tube  was  placed,  and  eventually  underwent  tra- 
cheostomy (Fig.  5).  Although  her  nocturnal  symptoms  of  gas- 
tric hyperinflation  improved  after  the  switch  to  invasive  PPV. 
her  daytime  symptoms  persisted,  suggesting  that  aerophagia 
unrelated  to  NPPV  was  responsible  for  some  of  her  difficulty. 
Less  symptomatic  patients  may  respond  to  agents  like  sime- 
thicone or  simply  may  tolerate  the  symptom  without  therapy. 


25  cm  H2O).  I  have  encountered  two  patients,  a  sister  and 
brother,  who  developed  recunent  pneumothoraces  while  receiv- 
ing NPPV.  both  after  insufflation  pressures  had  been  increased 
(from  14  to  16  cm  H2O  in  one  and  18  to  20  cm  H2O  in  the 
other).  Both  had  apical  blebs  that  likely  precipitated  the  prob- 
lem, but  NPPV  may  have  contributed.  One  patient  required 
tube  evacuation  and  sclerosis  (Fig.  6).  and  the  other  required 
open  pleurodesis. 


Eye  Irritation 


Threats  to  NPPV  Continuation 


Eye  initation  is  another  adverse  effect  of  air  flow  associated 
with  the  use  of  standard  nasal  or  oronasal  masks  and  has  been 
reported  in  up  to  a  third  of  patients.'"  It  is  caused  by  leakage 
of  air  under  the  mask  on  the  sides  of  the  nose  lateral  to  the 
nasal  bridge,  where  effective  sealing  is  difficult.  This  is  occa- 
sionally caused  by  excessive  tightening  of  mask  straps,  and 
loosening  the  straps  may  control  the  leak.  Soothing  eye  drops 
may  bring  some  relief  of  initation.  Alternatives  such  as  adding 
comfort  flaps  or  trying  a  bubble  mask  or  nasal  pillows  may 
correct  the  problem. 

Pulmonary  Barotrauma 

Pulmonary  biirotrauma  is  a  rare  occurrence  during  NPPV, 
most  likely  because  insufflation  pressures  are  usually  low  (< 


Intolerance — Causes  &  Cures 

In  both  acute  and  chronic  settings,  a  substantial  minority 
of  appropriately  selected  patients  (perhaps  25-339^)  has  dif- 
ficulty tolerating  NPPV.  Such  intolerance  threatens  successful 
continuation  of  NPPV,  and  in  both  settings,  mask  intolerance 
is  the  most  common  reason.  With  patience  and  persistence, 
the  experienced  practitioner  should  be  able  to  achieve  suc- 
cess with  many  of  these  patients,  but  at  the  expense  of  addi- 
tional time.  Pi'oper  fit  of  the  mask  and  optimization  of  the  strap 
system  should  first  be  assured.  Different  mask  sizes  and  types 
should  be  tried  if  the  patient  is  unable  to  tolerate  the  initial 
choice.  Some  patients  tolerate  oronasal  masks  when  nasal 
masks  fail  and  vice  versa.  Attaching  a  bag  that  contains  var- 
ious mask  types  and  sizes  to  ventilators  used  for  NPPV  assures 


Fig.  5.  A.  Abdominal  radiograph  of  30-year-old  woman  using  noninvasive  positive  pressure  ventilation  (NPPV)  to  treat  respiratory  failure 
caused  by  bilateral  diapfiragm  paralysis  associated  witfi  Cfiarcot-Ivlarie-Tootfi  disease.  Ttie  large  gas  bubble  visible  in  the  stomach  caused 
so  much  discomfort  that  a  nasogastric  tube  was  inserted  in  an  attempt  to  alleviate  it.  B.  Persistence  of  gastric  insufflation  despite  replace- 
ment of  NPPV  by  tracheostomy  ventilation.  Gastnc  insufflation  was  improved  at  night  when  she  received  ventilatory  assistance  but  not  dur- 
ing the  day  when  she  breathed  spontaneously,  demonstrating  that  part  of  her  problem  was  caused  by  aerophagia  and  not  by  NPPV. 
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Fig.  6.  A.  Right  pneumothorax  (note  pleural  line  indicated  by  arrows)  in  patient  receiving  noninvasive  positive  pressure  ventilation,  or 
NPPV,  (BiPAP  SAT,  IPAP  =  16  cm  H2O,  EPAP  =  4  cm  H2O.  rate  16/min).  The  pneumothorax  recurred  after  IPAP  was  lowered  to  14  cm 
HjO.  B.  Chest  radiograph  after  chest-tube  drainage  and  sclerosis  of  the  nght  pleural  space,  which  resulted  in  some  worsening  of  chest-wall 
restriction  and  dyspnea. 


ready  availability.  Other  manipulations,  such  as  adjusting  body 
or  head  position  may  occasionally  help. 

Less  often,  failure  to  tolerate  NPPV  is  related  to  difficulty 
with  synchronization  with  the  xentilator.  .Mthough  voluine- 
and  pressure-limited  ventilators  appear  to  be  similar  in  effi- 
cacy, some  investigators  have  found  that  the  pressure  support 
mode  is  associated  with  fewer  adverse  side  effects  and  is  bet- 
ter tolerated."  Thus,  switching  to  the  pressure  support  mode 
may  enhance  synchronization  and  acceptance  if  the  patient 
encounters  difficulty  on  a  volume-limited  mode.  Other  ven- 
tilator adjustinents,  such  as  changes  in  pressure  to  optimize 
comfort,  adding  positive  end-expiratory  pressure  (PEEP)  in 
patients  with  presumed  auto-PEEP.  and  silencing  alarms  in 
patients  whose  sleep  is  disturbed  by  them,  are  often  useful 
in  facilitating  acceptance.  With  pressure-liinited  ventilation, 
attention  must  also  be  paid  to  adjustinents  that  determine  the 
termination  of  inspiratory  support  because  low  inspiratory- 
to-expiratory-time  ratios  or  a  too-sensitive  expiratory  trigger 
may  shorten  inspiratory  times,  leading  to  inadequate  venti- 
latory assistance. '- 

In  any  case,  the  patient  should  be  reassured  and  encour- 
aged not  to  give  up  easily.  Coaching  the  patient  to  adopt  an 
appropriate  breathing  pattern  and  the  suggestion  "try  to  let 
the  machine  breathe  for  you"  may  be  helpful.  In  the  acute  set- 
ting, judicious  use  of  sedation  may  aid  in  acceptance.  In  the 
chronic  setting,  1  discourage  use  of  sedation  and  point  out  to 
patients  that  adapting  to  NPPV  is  not  unlike  learning  to  mas- 
ter a  musical  instrument.  Frequent  practice  sessions  are  required. 


and  months  may  pass  before  patients  become  expert  at  the 
technique.  Despite  all  these  efforts,  however,  some  patients 
(perhaps  10- 15% )  remain  unable  to  tolerate  the  sensation  of 
a  foreign  object  on  the  face  or  air  flow  in  the  nose  or  mouth 
(Table  3).  In  the  acute  setting,  these  patients  may  require  intu- 
bation if  respiratory  failure  persists.  In  the  chronic  setting,  other 
forms  of  noninvasive  ventilation,  such  as  negative  pressure 
or  abdominal  ventilation,  may  be  successful  if  NPPV  fails." 

Table  3.      Approximate  Frequency  of  Adverse  Effects  and 

Complications  for  Acute  and  Chronic  .Applications  of  NPPV* 
in  Appropriately  Selected  Patients 


.Adverse  Event  or  Complication 

Frequency 

Air  leaking 

100% 

Nasal/oral  dryness,  congestion 

25-70% 

Mask  discomfort 

50% 

Gastric  distention 

30-50% 

Eye  irritation 

15-30% 

Nasal  redness/ulceration 

10-20/5-10% 

.Aspiration 

5% 

Failure  to  ventilate 

20% 

Failure  to  tolerate 

10% 

^Ranges  compiled  from  frequencies  given  in 

References  7-10.  23. 

Failure  To  Ventilate  Adequately 

The  inability  to  adequately  assist  ventilation  causes  fail- 
ure of  NPPV  in  7  to  50%  of  patients  (Table  3).  In  the  am'  ■ 
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setting,  this  is  most  commonly  related  to  failure  to  synchronize 
in  patients  who  are  agitated  or  unable  to  cooperate.  Reassurance, 
coaching  patients  to  let  the  ventilator  breathe  for  them,  and 
mild  sedation  may  be  useful  in  encouraging  patients  to  per- 
mit the  ventilator  to  assist  in  their  work  of  breathing.  Low  ini- 
tial inflation  pressures  or  small  tidal  volumes  tJiat  were  selected 
to  enhance  patient  comfort  may  also  contribute  to  this  prob- 
lem. Gradual  upward  titralit)n  as  tolerated  by  the  patient  may 
help  in  enhancing  ventilatory  assistance. 

Inability  to  clear  secretions  and  mucus  plugging  are  other 
causes  for  failure  to  adequately  \  entilate.  In  patients  with  weak- 
ened expiratory  muscles  or  severe  resuiction  who  have  reduced 
peak  cough  flows,  measures  aimed  at  assisting  coughing  may 
help  in  secretion  removal.'^  These  include  manually  assisted 
coughing,  during  which  a  thrust  to  the  midepigastriuni  using 
the  palm  of  the  assistant's  hand  is  timed  with  coughing  or  use 
of  mechanical  devices  like  the  In-Exsufflator  (JH  Emerson 
Co  Inc.  Cambridge  MA).  This  device  inflates  the  lungs  with 
positive  pressure  (30-40  cm  H2O)  via  a  face  mask  and  then 
rapidly  switches  to  a  comparable  negative  pressure.  However, 
when  these  fail  or  when  swallowing  is  severely  impaired,  con- 
version to  invasive  ventilation  is  usually  necessary.  This  poten- 
tial complication  undei"scores  tlie  importance  of  carefully  screen- 
ing candidates  for  NPPV  for  the  ability  to  protect  their  airway. 

In  the  chronic  setting,  failure  to  adequately  ventilate  may 
be  cau.sed  by  failure  to  successfully  adapt,  poor  patient  com- 
pliance, insufficient  inflation  pressures  or  delivered  tidal  \  ol- 
umes,  excessive  air  leaking,  or  rebreathing.  Some  patients  expe- 
rience great  difficulty  adapting  to  NPPV  and  are  able  to  use 
it  for  only  an  hour  or  two  at  bedtime.  This  is  usually  inade- 
quate to  effect  sustained  improvements  in  alveolar  ventila- 
tion. In  this  situation,  visits  from  a  respiratory  therapist  can 
be  helpful  to  evaluate  mask  fit  and  ventilator  settings,  and  to 
make  sure  the  patient  is  using  the  equipment  correctly.  The 
therapist  tries  alternative  interfaces,  reassures  the  patient  thai 
adaptation  may  be  a  lengthy  process,  and  encourages  tlie  patient 
to  gradually  extend  periods  of  nocturnal  use.  Some  improve- 
ments in  symptoms  and  gas  exchange  (as  measured  by  blood 
gas  values  or  daytime  oximetry  and  end-tidal  Paco;)  ean  be 
anticipated  once  the  patient  is  using  the  device  for  at  least  4- 
6  hours  nightly.  If  no  improvements  aie  apparent,  the  patient 
should  be  encouraged  to  continue  extending  periods  of  use. 
and  the  ventilator  timer  should  be  checked  to  confimi  reported 
hours  of  use.  Inspiratory  pressures  or  delivered  tidal  volumes 
should  also  be  gradually  increased  as  tolerated.  If  improve- 
ments remain  inapparent  (even  after  the  patient  is  sleeping 
through  the  night  using  NPPV)  and  inspiratory  pressures  > 
12  cm  H^O  are  being  used,  the  patient  should  be  moniH)red 
nocturnally  using  a  multichannel  recorder,  seeking  evidence 
of  persisting  hypoventilation,  apneas,  or  excessive  air  leak- 
ing. Hypoventilation  may  respond  to  further  increases  in  infla- 
tion pressure  or  duration  of  \entilation.  Persisting  obstruc- 
tive apneas  and  hypopneas  may  be  eliminated  by  adding  PEEP 
to  splint  the  upper  airway  open  at  the  initiation  of  inspiration. 


Repeated  nocturnal  monitoring  is  indicated  to  ascertain  whether 
the  PEEP  level  is  adequate. 

Patient  characteristics  also  influence  the  ability  of  NPPV 
to  improve  ventilation.  Not  surprisingly,  those  with  severe 
restrictive  thoracic  or  parenchymal  lung  disease  are  more  dif- 
flcult  to  ventilate  successfully  and  may  require  higher  infla- 
tion pressures  than  those  with  neuromuscular  disease  alone. 
Progression  of  the  underlying  process  may  also  explain  loss 
of  effectiveness  in  patients  previously  stabilized  with  NPPV. 
Patients  with  slowly  progressive  neuromuscular  diseases  may 
experience  gradual  increases  in  daytime  Paco;  as  their  res- 
piratory muscles  weaken,  a  process  that  can  be  slowed  or  pre- 
vented if  upward  adjustments  are  gradually  made  in  inflation 
pressures  and  duration  of  ventilator  use.  Although  many 
patients  who  initially  fail  to  respond  favorably  to  NPPV  do 
respond  to  such  measures,  some  do  not.  For  these,  alterna- 
tive forms  of  noninvasive  ventilation  should  be  considered 
and  may  occasionally  be  successful.  However,  particularly 
in  those  with  secretion  retention  due  to  weak  cough  or  swal- 
lowing impairment,  invasive  ventilation  will  be  necessary 
unless  refused  by  the  patient.  In  my  experience,  many  patients 
with  late-stage  respiratory  impairment  agree  to  use  NPPV  but 
decline  tracheostomy. 

Air  Leaking.  Because  there  is  no  airtight  conduit  to  the  lower 
airways.  NPPV  is  inherently  leaky.  Achieving  a  leak-free  seal 
between  mask  and  face  is  nearly  impossible,  but  mask  leaks 
can  usually  be  reduced  to  acceptable  levels.  The  greater  chal- 
lenge is  to  achieve  adequate  alveolar  ventilation  while  rely- 
ing on  upper  aii-way  structures  to  peniiit  air  entry  into  the  lungs. 
Awake,  cooperative  subjects  can  usually  be  coached  to  allow 
insufflated  air  to  assist  their  breathing,  but  this  is  nearly  impos- 
sible in  agitated,  uncooperative  patients.  During  sleep,  the  suc- 
cess of  NPPV  depends  on  the  continued  patency  of  the  upper 
airway.  The  question  might  be  posed  How  do  sleeping  sub- 
jects permit  insufflated  air  to  enter  their  lungs?  Mechanisms 
by  which  this  is  achieved  are  not  fully  understood,  but  recent 
studies  offer  some  insight.  Jouniaux  et  al'^'*  recently  demon- 
strated that  during  both  wakefulness  and  sleep,  glottic  aper- 
ture is  an  important  determinant  of  air  entry  into  the  lungs. 
As  compared  to  the  awake  state,  this  aperture  narrowed  slightly 
during  Sleep  Stages  1  and  II  and  w  idened  during  deeper  stages 
of  sleep.  In  addition,  uicreases  in  delivered  tidal  volume  and 
reduced  end-tidal  Pco:  correlated  with  narrowing  of  the  aper- 
ture, reducing  the  proportion  of  air  entering  the  lungs.  Thus, 
glottic  narrowing  is  one  mechanism  contributmg  to  air  leak- 
ing through  the  mouth.  However,  other  mechanisms  may  be 
important,  such  as  positioning  of  the  soft  palate  and  mandible. 
Some  leaking  of  air.  either  around  the  mask,  through  the 
mouth  with  nasal  ventilation,  or  through  the  nose  with  mouth 
\entilation,  is  uni\ersal  during  NPPV.  In  a  recent  study,  air 
leak  through  the  mouth  was  noted  during  most  of  sleep  in  7 
patients  with  kyphoscoliosis  receiving  volume-limited  nasal 
sentilation.'^  An  association  was  detected  between  air  leak 
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and  sleep  fragmentation,  characterized  by  lightening  of  sleep 
stage  and  brief  aiousals.  These  arousals  were  most  apt  to  occur 
during  brief  oxyhemoglobin  desaturations  associated  with  leak- 
ing, so  hypoxemia  was  presumed  to  be  the  mechanism  for  the 
arousals.  A  more  recent  investigation  on  6  patients  (most  with 
neuromuscular  disease)  who  were  using  pressure-limited  \en- 
tilation.  also  found  leak  during  most  sleep. '^  The  pre\  alence 
of  leaking  was  associated  w  ith  sleep  stage,  occurring  less  often 
(62%)  during  Stage- 1  sleep  and  most  often  ( l(X)9f)  during  slow 
wave  sleep  (SWS.  Stages  3  and  4).  This  latter  study  also  found 
an  association  between  air  leaking  and  arousals,  with  arousals 
usually  occurring  at  the  end  of  periods  of  leaking  and  seem- 
ing to  terminate  them.  However,  oxyhemoglobin  desatura- 
tions were  not  associated  with  the  arousals,  suggesting  that 
they  were  caused  by  other  mechanisms,  such  as  noise,  sen- 
sation of  air  flow,  or  perhaps  increases  in  PaCO:-  In  fact,  oxy- 
gen saUiration  was  maintained  above  90%  throughout  the  night 
in  all  but  one  subject  despite  the  air  leaking,  perhaps  because 
the  pressure-limited  ventilator  used  (BiPAP  S/T,  Respiron- 
ics  Inc)  can  compensate  for  air  leaks. 

It  is  interesting  to  note  that  arousals  were  least  apt  to  occur 
during  SWS  despite  the  pre\  alence  of  leaking,  suggesting  a 
diminished  arousal  threshold  during  this  deeper  stage  of  sleep. 
In  addition,  patients  with  frequent  leak-associated  arousals 
during  Sleep  Stages  1  and  2  rarely  entered  deeper  stages  of 
sleep,  whereas  those  with  infrequent  arousals  had  substan- 
tially higher  proportions  of  SWS  and  rapid  eye  movement. 
or  REM.  sleep.  Tliis  suggests  that  ha\'ing  a  high  arousal  thresh- 
old or  the  ability  to  habituate  to  arousals  is  conducive  to  sleep 
of  better  quality. 

These  studies  demonsU-ate  that  although  air  leaking  is  highly 
prevalent  during  use  of  NPPV.  it  does  not  always  impair  effi- 
cacy. Ventilation  and  oxygenation  may  be  adequately  sup- 
ported despite  prolonged  periods  of  leaking,  depending  on 
the  ventilator  used  and  adaptive  mechanisms  of  the  patient. 
Sleep  fragmentation  due  to  leak-associated  arousals  appears 
to  be  the  major  adverse  consequence  of  leaking  in  most  patients. 
However,  when  it  is  apparent  that  ventilatory  assistance  is  being 
compromised  by  leaking,  switching  to  a  ventilator  that  has 
good  leak-compensating  capabilities  (such  as  a  portable  pres- 
sure support  ventilator)  may  help.  In  addition,  adding  chin 
straps  may  reduce  leaking  through  the  mouth  during  nasal  ven- 
tilation. Alternatively,  switching  to  an  oronasal  mask  or  mouth- 
piece may  ameliorate  the  problem,  although  leaking  can  occur 
with  any  mask  type.  Based  on  the  findings  of  Jouniaux  et  al,"' 
increasing  insufflation  pressure  or  tidal  volume  to  compen- 
sate for  leaks  may  not  always  be  the  best  strategy  because  this 
can  lead  to  glottic  narrowing  and  exacerbation  of  leak.  Firm 
recommendations  on  tlie  best  way  to  deal  with  air  leaking  await 
more  studies  on  compensatory  upper  airway  mechanisms  and 
the  consequences  of  leak. 

Rebreathing.  Rebreathing  may  interfere  with  the  effectiveness 
of  ventilatory  assistance  when  portable  pressure  support  ( 'bi- 


level")  ventilators  are  used.  The  phenomenon  was  first 
described  during  use  of  the  BiPAP  S/T  (Respironics  Inc). 
which  uses  a  single  ventilator  tube  for  both  inspiratory  and 
expiratory  flow.'"  The  BiPAP  and  other  bi-level  ventilators 
use  bias  flow  during  exhalation  to  flush  exhaled  CO:  out 
through  fixed  exhalation  valves  in  tubing  near  the  mask.  Use 
of  the  BiPAP  with  the  so-called  whisper-swivel  exhalation 
valve  was  shown  to  induce  substantial  rebreathing  when  expi- 
ratory pressures  were  low  (<  4  cm  HiO).  The  rebreathing  was 
enough  to  prevent  CO:  reduction  in  patients  during  a  brief 
daytime  trial.  Subsequently,  others-"  have  demonstrated 
rebreathing  with  other  bi-level  \entilators.  including  the  Com- 
panion 320  (Nellcor  Puritan  Bennett  Inc.  Lenexa  KS)  and 
Ventil-H  (Sefam-Puritan  Bennett.  Nancy,  France).  The  prob- 
lem may  be  ameliorated  by  maintaining  adequate  bias  flows 
with  expiratory  pressures  >  4  cm  H:0  or  by  using  other  exha- 
lation valves,  such  as  the  Plateau  or  NRB  (nonrebreathing) 
valves  (Respironics  Inc). 

It  is  well  to  keep  in  mind,  however,  that  currently  avail- 
able studies  on  rebreathing  are  based  on  laboratory  investi- 
gations, and  it  is  unclear  how  often  rebreathing  actually  impairs 
the  efficacy  of  bi-level  ventilation  in  chronic  at-home  users. 
Our  preliminary  investigations  show  no  improvement  in  noc- 
turnal gas  exchange  among  nasal  BiPAP  users  when  the  Plateau 
valve  is  substituted  for  the  whisper-swivel  valve.  This  sug- 
gests that  rebreathing  is  usually  not  an  important  problem  dur- 
ing nocturnal  use  of  BiPAP.  perhaps  because  air  leaking 
through  the  mouth  is  so  prevalent  that  much  of  the  exhaled 
CO:  escapes  orally.  Rebreathing  may  be  of  more  concern  when 
NPPV  is  administered  via  the  oronasal  or  oral  routes  when 
air  leaking  may  be  less,  but  this  has  not  been  evaluated. 

Major  Complications 

It  is  fortunate  that  complications  leading  to  clinically  impor- 
tant medical  morbidity  are  unusual  with  NPPV  if  the  modal- 
ity is  reserved  for  appropriately  selected  patients.  The  most 
common  significant  complication  among  reported  series  on 
acute  respiratory  failure  has  been  aspiration  pneumonia  occur- 
ring in  up  to  59f  of  patients.  This  reflects  the  lack  of  airway 
protection  afforded  by  the  modality  and  the  reliance  on  the 
patient's  innate  protective  mechanisms.  In  my  experience,  this 
is  an  infrequent  complication,  seen  most  often  in  patients  who 
are  reluctant  or  decline  to  undergo  endotracheal  intubation 
and  may  have  some  impairment  of  airway  protective  mech- 
anisms, but  desire  a  uial  with  noninvasive  \entilation  nonethe- 
less (Fig.  7). 

Other  major  complications  in  the  acute  setting  include 
mucus  plugging,  hypoxemia,  and  respiratory  arrest.  Mucus 
plugging  can  be  minimized  if  patients  are  kept  well  hydrated 
and  cough  assistive  techniques  are  used  in  patients  with  reduced 
peak  expiratory  flows. '•• 

Hypoxemia  during  NPPV  may  occur  as  a  consequence  of 
mucus  plugging,  but  adequate  oxygenation  is  usually  noi  di! 
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Fig.  7.  A.  Chest  radiograph  of  a  77-year-Qld  man  with  chronic  respiratory  failure  caused  by  scoliosis  and  hemidiaphragmatic  weakness 
resulting  from  surgical  replacement  of  his  left  hemidlaphragm  with  a  wire  mesh  40  years  earlier.  He  was  admitted  with  worsening  of  his  res- 
piratory failure  caused  by  an  acute  bronchitis  and  was  stabilized  with  continuous  noninvasive  positive  pressure  ventilation  (NPPV).  B.  The 
patient  in  5A  after  an  episode  of  aspiration  that  occurred  during  NPPV  and  resulted  in  development  of  acute  respiratory  distress  syndrome. 
Despite  Intubation  and  ventilatory  support,  he  died  a  day  later. 


ticull  10  achieve  in  patients  with  COPD  exacerhation.s.  With 
bi-level  ventilators,  oxygen  tubing  is  connected  directly  to 
the  masi<  or  to  a  tap  into  the  ventilator  circuit,  luid  How  is  tiuated 
upward  until  an  adequate  oxygen  saturation  has  been  achieved. 
Problems  with  oxygenation  are  more  likely  to  occur  if  the 
patient  fails  to  keep  the  mask  on  or  if  NPPV  is  administered 
to  patients  in  hypoxemic  respiratory  failure  (acute  pneumo- 
nias or  acute  respiratory  distress  syndrome,  or  ARDS).  Al- 
though success  in  some  of  these  patients  has  been  reported.-' 
the  safe  and  effective  delivery  of  NPPV  to  such  patients  has 
not  been  established.  Having  a  low  threshold  for  conversion 
to  invasive  ventilation  is  prudent  if  these  patients  are  prov- 
ing difficult  to  manage  noninvasively.  It  is  obvious  that  imme- 
diate intubation  is  warranted  in  patients  suffering  a  respira- 
tory or  cardiac  anesl  during  NPPV  use.  This  usually  retlects 
a  major  cmdiopulmonary  crisis  such  as  central  airway  obstruc- 
tion, "Hash"  pulmonary  edema,  or  circulatory  failure.  The  risk 
of  these  developments  underlines  the  need  to  closely  mon- 
itor acutely  ill  patients  who  are  receiving  NPPV  until  their 
condition  has  stabilizeil. 

Hypotension  is  infrequent  among  appropriately  selected 
patients  receiving  NPPV  and  is  rarely  attributable  directly  to 
ventilator  use  because  of  the  relatively  low  pressures  used. 
However,  because  even  mild  increa.ses  in  intrathoracic  pres- 
sure may  decrease  venous  return  and  cause  hypotension  when 
intravascular  fluid  volume  is  low.  the  practitioner's  first  task 
is  to  make  certain  that  lluid  \olume  is  adequate  when  hypoten- 
sion occurs  during  NPPV  use.  If  it  occurs  in  a  patient  with 
a  COPD  exacerbation,  one  consideration  is  the  possibility  of 


the  development  of  auto-PEEP.  The  patient  should  be  coached 
to  slow  his  breathing  if  he  remains  tachypneic.  Shoilening  the 
rise  time  (in  ventilators  that  have  this  capability)  may  allow 
more  time  for  exhalation.  If  hypotension  and  evidence  of  organ 
hypoperfusion  persist  despite  these  measures,  intravenous  pres- 
sors can  be  initiated,  but  I  favor  prompt  intubation  and  con- 
trolled breathing  to  minimize  oxygen  consumption  by  the 
breathing  muscles. 

CPAP  has  been  shown  to  fa\\)iably  affect  hemodynam- 
ics in  patients  with  cardiac  failure,"  but  this  depends  on  rel- 
ative effects  on  preload  and  afterload.  By  increasing  intratho- 
racic pressure  in  patients  witli  high  preload  iuid  afterload.  CPAP 
can  lower  preload  by  decreasing  venous  return,  and  afterload 
by  reducing  the  pressure  difference  between  the  thorax  and 
penpheral  vasculature.  However,  if  preload  is  lowered  exces- 
sively by  increases  in  intrathoracic  pressure,  organ  perfusion 
can  be  adversely  affected.  This  could  explain  a  recent  obser- 
vation on  patients  with  acute  pulmonary  edema  randomized 
to  receive  CPAP  (1 0  cm  H2O)  or  BiPAP  ( I  .'S  cm  H:0  inspi- 
ratory and  .*>  cm  H^O  expiiatorv  pressures).  In  this  study,-' 
patients  on  BiPAP  had  a  more  rapid  improvement  in  venti- 
lation and  respiratory  rate  than  patients  on  CPAP,  but  they 
also  had  a  more  abrupt  decrease  in  blood  pressure,  associated 
with  a  higher  rate  of  subendocardial  myocardial  infarctions. 
Although  some  of  the  BiPAP  patients  may  have  begun  intarct- 
ing  before  admission,  this  finding  underscores  the  need  for 
cautitin  in  selecting  initial  pressures  and  close  monitoring  of 
hemodynamics  when  using  NPPV  in  patients  at  risk  for  car- 
diac ischemia. 
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Avoidance  of  Complications 

Although  a  knowledge  of  potential  complications  is  essen- 
tial in  the  successful  management  of  patients  on  NPPV,  the 
best  course  of  management  is  to  anticipate  and  avoid  com- 
plications altogether,  if  possible.  In  this  regard,  a  thorough 
familiaiity  with  masks  and  strap  systems  is  helpful.  With  nasal 
masks,  one  of  the  most  common  errors  is  to  use  a  mask  that 
is  too  large  and  then  to  tighten  the  straps  excessively  in  an 
attempt  to  reduce  air  leakage  into  the  eyes.  Careful  attention 
to  optimizing  mask  fit  and  minimizing  strap  tension  usually 
eliminates  this  problem.  Also  of  critical  importance  is  gain- 
ing experience  in  the  implementation  of  NPPV  iind  being  able 
to  share  this  experience  with  patients.  Noninvasive  ventila- 
tion affords  patients  a  high  degree  of  control  over  ventilatoiy 
assistance,  but  using  it  successfully  requires  learning.  They 
must  learn  to  relax  their  breathing  muscles  and  position  their 
upper  airway  structures  to  permit  aiiflow  into  the  lungs.  This 
may  be  particularly  difficult  for  patients  in  acute  respiratory 
distress.  Having  an  experienced  practitioner  available  who 
can  spend  the  time  to  optimize  comfort  and  to  coach  them  to 
relax  and  synchronize  their  breathing  with  the  ventilator  often 
makes  the  difference  between  success  and  failure. 

Another  important  aspect  of  avoiding  complications  dur- 
ing use  of  NPPV  is  to  exclude  inappropiiate  patients.  The  like- 
lihood of  failure  is  so  high  in  certain  situations  as  to  render 
a  trial  of  NPPV  worthless,  and  certain  patients  with  respiratory 
failure  could  be  banned  if  invasive  ventilation  is  inappropriately 
delayed.  Patients  with  respiratory  arrest  or  those  who  are  agi- 
tated and  uncooperative  cannot  be  successfully  ventilated  non- 
invasively.  so  prompt  intubation  is  wan-anted.  Likewise,  the 
inability  to  protect  the  airway  presages  certain  failure.  This 
detemiination  requires  judgment,  however,  and  a  trial  of  non- 
invasive ventilation  may  still  be  worthwhile  in  patients  who 
have  mild  swallowing  dysfunction.  Patients  with  other  unsta- 
ble medical  conditions,  such  as  hypotensive  shock,  uncon- 
trolled cardiac  ischemia  or  arrhythmias,  or  active  upper  gas- 
trointestinal bleeding,  should  also  be  promptly  intubated  to 
assure  control  of  the  airway  and  rest  of  the  respiratory  mus- 
cles. These  exclusions  eliminate  the  majority  of  patients  in 
acute  respiratory  failure  from  consideration,  but  a  recent  study-^"* 
found  that  23')'(  of  patients  entering  an  emergency  department 
in  acute  respiratoiy  failure  still  qualified  for  a  trial  of  NPPV.-"* 
The  exclusion  criteria  may  be  modified  for  do-not-intubate 
patients  because  there  is  little  to  lose  by  a  trial.  On  the  other 
hand,  resources  and  time  are  wasted  and  hopes  falsely  raised 
if  NPPV  is  used  without  some  justification. 

Summary  &  Conclusions 

Noninvasive  positive  pressure  ventilation  is  safe  and  has 
few  major  complications  when  used  in  appropriately  selected 
patients.  The  most  frequently  encountered  adverse  effects  are 
related  to  the  mask  and  to  air  pressure  and  flow.  These  depend 


on  the  type  of  interface  and  ventilator  used  and  include  dis- 
comfort, pressure  sores  on  the  nasal  bridge,  dryness  and  con- 
gestion, and  pain  and  burning  in  the  nasal  passages  and  sinuses. 
An  important  minority  of  patients  fail  to  tolerate  or  ventilate 
effectively  using  noninvasive  ventilation,  but  the  number  can 
be  minimized  by  careful  attention  to  mask  tit  and  patient  com- 
fort and  by  giving  patients  adequate  time  to  adapt.  Techno- 
logic improvements  in  interfaces  and  ventilators  are  likely  to 
further  lower  intolerance  rates.  Air  leaking,  mainly  through 
the  mouth,  occurs  commonly  during  use  of  nasal  NPPV,  may 
occasionally  interfere  with  the  ability  to  assist  ventilation,  and 
appears  to  impair  sleep  quality.  Rebreathing  associated  with 
bi-level-type  ventilator  use  may  also  interfere  with  ability  to 
ventilate  effectively  but  has  not  been  studied  sufficiently  out- 
side the  laboratory  setting  to  fully  understand  its  clinical  impor- 
tance. Major  complications  of  NPPV,  including  aspiration  pneu- 
monia, hypotension,  barotrauma,  and  respiratory  arrest,  are 
unusual.  Exclusion  of  inappropriate  candidates  and  careful 
attention  to  patients  during  initiation  help  to  minimize  com- 
plicatioris  and  assure  the  optimal  use  of  NPPV. 
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Why  Study? 

Although  empiric  research  is  one  of  the  hallmarks  of  mod- 
ern medicine,  experts  note  that  fewer  than  20%  of  medical 
treatments  have  been  validated  by  scientific  studies  demon- 
strating their  efficacy.'  It  is  possible  that  the  proportion  of  res- 
piratory care  devices  that  have  been  shown  to  reduce  mor- 
bidity or  mortality  is  even  less.  Studies  of  noninvasive  positive 
pressure  ventilation  (NPPV)  provide  information  on  its  risks, 
benefits,  and  costs.  Critical  review  of  this  body  of  evidence 
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is  essential  for  clinicians  faced  with  the  decision  of  using  NPPV 
or  selecting  one  particular  device  over  another  to  provide 
NPPV.  Government  regulating  agencies  use  these  data  to 
approve  devices  for  public  use.  Insurers  and  other  payers  use 
study  results  to  make  decisions  about  reimbursement.  Finally, 
expert  panels  draw  on  scientific  studies  to  develop  guidelines 
for  the  use  of  NPPV. 

Investigators  designing  studies  and  critical  readers  of  pub- 
lished studies  are  engaged  in  similar  activities.  Both  must  iden- 
tify the  research  question,  understand  the  strengths  and  lim- 
itations of  various  study  designs,  and  appreciate  the  subtleties 
of  bias,  confounding,  and  statistical  analysis.  In  this  paper, 
I  provide  an  introduction  to  these  concepts  based  on  clinical 
studies  in  patients,  but  many  of  the  issues  apply  equally  to 
animal  and  bench  research. 

Why  Is  NPPV  Like  Lung  Volume  Reduction  Surgery? 

NPPV  and  lung  volume  reduction  surgery  (LVRS).  the  sur- 
gical therapy  that  many  believe  offers  patients  with  severe 
emphysema  marked  symptomatic  improvement,  may  not  seem 
like  related  treatments.-  However,  tliey  share  features  that  make 
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them  challenging  study  design  problems.  Neither  investigators 
nor  patients  can  be  effectively  blinded  lo  either  treatment.  In 
both  cases  subjective  end  points,  dyspnea  and  exercise  tol- 
erance for  LVRS.  and  intubation  for  NPPV.  make  the  lack 
of  blinding  more  of  a  problem.  The  diseases  under  study,  end- 
stage  chronic  obstructive  pulmonary  disease  (COPD)  in  the 
case  of  LVRS  and  respiratory  failure  in  the  case  of  NPPV. 
involve  heterogeneous  populations  with  highly  viu'iable  dis- 
ease progression.  Therefore,  simple  case  series  indicating  suc- 
cessful treatment  may  indicate  only  that  investigators  have 
selected  for  inclusion  in  the  series  a  subgioujj  with  a  good  prog- 
nosis. Both  treatments  rely  heavily  on  the  experience  and  skill 
of  providers.  This  means  that  the  results  of  trials  may  not  apply 
in  settings  in  which  the  providers  are  less  skilled  than  the  inves- 
tigators. In  designing  a  study  of  LVRS  or  NPPV,  it  is  impor- 
tant that  the  control  ami  receive  a  credible  therapy.  For  LVRS. 
this  may  mean  providing  aggressive  pulmonary  rehabilita- 
tion to  the  control  arm.  In  a  study  of  NPPV.  the  control  arm 
should  receive  optimal  treatment  for  the  underlying  cause  of 
respiratory  failure  and  similiu'  attention  to  other  aspects  of  their 
medical  care.  Finally.  LVRS  and  NPPV  have  advocates  who 
may  feel  that  currently  available  evidence  makes  a  randomized 
trial  unethical.  All  of  these  factors  present  serious  but.  once 
identified,  surmountable  obstacles  to  designing  studies  to  eval- 
uate NPPV. 

The  Research  Question 

The  most  important  step  in  planning  a  study  is  develop- 
ing a  clear  and  specific  research  question.  Research  questions 
about  NPPV  address  4  general  topics  (Table  1). 

Table  1.      Research  QueNtions  To  Evaluate  Noninvasive  Mechanical 
Ventilation  (NPPV) 


Aspect 


Example 


Safely 


What  are  the  complications  of  NPPV? 


Clinical  Utility    Does  NPPV  reduce  the  need  for  intubation? 

Does  NPPV  reduce  mortality  in  acute  respiratory 
failure? 


Utilization 


Costs 


What  percentage  of  hospitals  offer  NPPV  as  an  option? 
Is  the  decision  to  use  NPPV  related  to  the  percentage  of 

managed  care  patients  at  the  hospital  or  to  the  volume 

of  patients  in  acute  respiratory  failure? 

What  are  the  costs  of  NPPV":" 


Clinical  UtiHty 

Clinical  utility  studies  investigate  the  effect  a  treatment 
has  on  patient  outcome  in  an  attempt  to  justify  the  claim  that 
the  treatment  is  clinically  useful.  In  framing  the  research  ques- 
tion about  clinical  utility  the  investigator  must  choose  an  out- 
come to  study  (Fig.  1 ).  Mortality  is  an  unequivocal  end  point 
with  indisputable  clinical  relevance.  However,  it  is  possible 
for  treatments  to  be  beneficial  w  ithout  reducing  mortality.  For 
example,  treatments  that  improve  quality  of  life,  reduce  dis- 
comfort, or  decrease  complications  all  are  beneficial  even  if 
they  do  not  reduce  mortality.  It  is  important  that  the  outcome 
have  clear  relev  ance  to  clinicians  or  patients.  Physiologic  or 
biochemical  end  points  may  explain  ht)w  a  treatment  works 
but  do  not  demonstrate  clinical  utility.  For  example,  a  study 
that  shows  that  NPPV  reduces  work  of  breathing  but  did  not 
investigate  its  effects  on  tnortality,  length  of  stay,  or  patient 
comfort  is  inadequate  to  demonstrate  clinical  utility.  Read- 
ers should  critically  evaluate  studies  that  report  only  inter- 
mediate end  points  to  decide  whether  they  ;ire  clinicall_\  impor- 
tant and  to  judge  the  claims  made  by  the  investigator. 


Mortality                                      A            Clinical 

Quality  of  life 

Complications 

Cost 

Hospital  length  of  stay 

Work  of  breathing 

Arterial  blood  gas  improvement                 *                 PhysiologiC 

Safety 


Fig.  1.  The  spectrum  of  clinical  outcomes  for  use  in  clinical  utility 
studies 


In  clinical  utility  studies  that  use  intubation  as  an  end  point, 
NPPV  is  determined  to  be  effective  if  it  reduces  the  number 
of  patients  who  require  intubation.  This  end  point  has  been 
accepted  with  little  criticism  in  the  literature.  The  presump- 
tion is  that  by  avoiding  intubation,  patients  are  spared  asso- 
ciated complications,  such  as  nosocomial  pneumonia  and  glot- 
tic injuiy.  By  avoiding  complications  associated  vv  ith  intubation 
and  prolonged  weaning  from  mechanical  ventilation  the  over- 
all duration  and  cost  of  hospitalization  may  be  decreased. 
Finally,  patients  may  find  NPPV  more  comfortable  than  intu- 
bation. Critical  readers  should  appreciate  that  a  study  that  shows 
a  reduction  in  intubation  can  only  claiin  that  NPPV  reduces 
intubation.  It' the  clinically  impoitant  end  points  are  pneumonia, 
cost,  complications,  or  patient  comfort,  then  these  should  be 
studied  independently. 


Safety  studies  describe  the  relative  incidence  and  range 
of  complications  seen  with  NPPV.  In  addition,  safety  stud- 
ies identify  those  patients  who  are  at  high  risk  of  develop- 
ing complications. 


Utilization 

Utilization  studies  investigate  the  factors  that  influence 
physicians'  decisions  to  use  diagnostic  tests,  treatments,  and 
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admissions  to  the  hospital.'  Patient  sociodemographics  (age. 
gender,  race,  insurance),  physician  characteristics  (location 
of  practice,  experience,  training),  and  health  care  organiza- 
tion (open  versus  closed  intensive  care  unit,  managed  care) 
may  all  play  a  role  in  clinical  decision  making.  For  example, 
a  utilization  study  may  study  the  relationship  between  man- 
aged care  and  use  of  NPPV  hypothesizing  that  stimuli  to  cut 
costs  may  lead  to  the  use  of  NPPV.  There  has  been  little  or 
no  utilization  research  on  NPPV. 

Cost 

How  much  does  NPPV  cost?  Costs  are  the  total  resources 
consumed  in  producing  a  good  or  service,  expressed  in  cur- 
rency. In  calculating  the  costs  of  NPPV,  it  is  important  to  eval- 
uate the  incremental  costs  of  NPPV.  which  reflect  the  costs 
of  NPPV  compared  to  the  alternative  treatment.  For  example, 
if  patients  who  receive  usual  care  for  COPD  exacerbation  are 
admitted  to  a  standard  hospital  bed  but  NPPV  patients  require 
intensive  care  unit  (ICU)  monitoring,  then  the  ICU  costs  must 
be  added  into  the  NPPV  costs.  Although  cost  is  a  useful  con- 
cept, it  may  be  difficult  to  actually  measure  costs.  It  is  diffi- 
cult to  know  what  a  day  in  the  ICU  actually  costs;  however, 
it  is  easy  to  find  out  what  a  given  hospital  charges  payers  for 
the  day.  Cost  analyses  frequently  rely  on  what  is  charged  or 
paid  for  a  device  or  service  as  a  proxy  for  cost,  but  those  amounts 
can  be  unreliable  because  they  vary  from  consumer  to  con- 
sumer. Hospital  A  may  charge  private  insurers  SI  ,500  for  an 
ICU  day  but  only  charge  a  large  managed  care  company  SI  ,000. 
A  cost  analysis  will  yield  different  results  depending  on  which 
of  these  charges  is  used.  (The  reader  is  referred  to  a  recent  paper^ 
in  the  Journal  for  a  more  detailed  discussion.) 

Cost  analyses  also  assume  a  perspective  from  which  the 
cost  model  is  calculated.  Additional  equipment  and  training 
costs  incurred  by  providing  NPPV  are  important  in  an  anal- 
ysis from  the  hospital's  perspective,  but  not  from  the  perspective 
of  the  insurance  company  that  pays  a  fixed  rate  for  each  admis- 
sion. Depending  on  whether  the  cost  perspective  is  the  patient's, 
the  payer's,  or  society's,  different  cost  figures  can  be  obtained. 
There  is  no  correct  perspective,  but  the  cost  analysis  should 
make  the  assumptions  explicit  in  the  report.  Economic  ana- 
lysts perform  sensitivity  analysis  to  make  their  conclusions 
more  robust  in  the  presence  of  these  uncertainties  and  assump- 
tions. By  recalculating  the  analysis  and  allowing  key  variables 
to  assume  different  values  within  a  range  (for  example,  between 
$  1 .000  and  S3,000  for  a  day  in  the  ICU).  the  investigator  can 
judge  whether  the  cost  model  is  sensitive  to  the  assumptions. 
Sometimes  the  conclusions  of  the  cost  analysis  are  invariant 
across  extreme  variability  in  the  assumptions.  In  such  cases. 
readers  can  be  confident  in  the  model.  Other  studies  will  find 
that  the  analysis  is  sensitive  to  one  \ariable.  and  attention  can 
be  directed  toward  obtaining  more  information  about  that  spe- 
cific variable.  Given  the  number  of  assumptions  that  are  made 
in  a  cost  analysis  and  the  lack  of  standardization  in  method- 


ology, comparing  figures  from  different  studies  can  be  prob- 
lematic' Efforts  are  underway  to  standardize  the  methods  and 
terminology,  which  may  help  avoid  these  problems.*"' 

Study  Limitations 

No  study  is  perfect.  The  final  product  always  represents 
trade-offs  to  accommodate  fiscal  constraints,  patient  avail- 
ability, or  specific  research  agendas.  Whether  one  is  review- 
ing a  project  proposal  or  reading  the  published  results,  atten- 
tion should  be  directed  to  4  aspects  that  may  compromise  a 
study's  ability  to  answer  the  research  question. 

Generalizability 

No  matter  how  large  the  study,  it  can  examine  only  a  sam- 
ple of  patients  who  might  receive  NPPV  in  practice.  If  the  study 
is  generalizable,  then  its  findings  can  reasonably  be  extended 
beyond  this  sample  to  other  patients.  How  the  subjects  are 
selected,  who  provides  the  treatment,  the  setting  in  which  the 
patients  receive  care,  and  how  these  details  are  reported  in 
the  publication  all  affect  generalizability.  Clinical  utility  stud- 
ies use  a  special  nomenclature  for  generalizability.  Efficacy 
is  the  clinical  utility  of  NPPV  under  ideal  study  conditions 
as  perfonned  by  experienced  personnel  on  a  specific  and  usu- 
ally narrowly  defined  patient  population.  Effectiveness  is  the 
clinical  utility  of  NPPV  as  used  in  the  community  by  a  broad 
range  of  providers  in  a  heterogeneous  patient  population.  Stud- 
ies that  demonstrate  efficacy  may  not  be  generalizable  to  con- 
clusions about  effectiveness. 

Although  it  is  important  to  recognize  the  limitations  imposed 
by  the  choice  of  patient  population  and  clinical  setting,  there 
is  a  role  for  studies  with  a  naiTow  focus.  NPPV  may  be  effec- 
tive only  when  used  by  experienced  personnel  in  a  specifi- 
cally defined  subset  of  padents.  In  addition,  if  NPPV  is  not 
safe  or  effective  in  select  groups  of  patients,  then  it  is  not  nec- 
essary or  ethically  justifiable  to  pursue  questions  further  in 
larger  more  expensive  studies. 

Performing  a  study  that  generalizes  to  many  different 
providers,  ICUs.  and  diseases  is  a  challenge  that  requires  a 
large  sample  size  from  many  centers  including  community 
hospitals.  Because  it  is  difficult  to  perform  these  studies,  it 
is  essential  that  less  ambitious  designs  provide  enough  infor- 
mation for  readers  to  judge  whether  the  study  applies  to  their 
own  patients  and  capabilities.  Variables  that  are  important  in 
this  assessment  include  a  detailed  description  of  patient-selec- 
tion criteria,  the  proportion  of  eligible  patients  who  were  actu- 
ally enrolled  and  their  diagnoses,  a  description  of  the  ICU, 
and  the  training  participants  received  prior  to  using  NPPV. 

Bias 

Studies  that  lack  generalizability  may  reach  valid  con- 
clusions, but.  unfortunately,  these  conclusions  do  not  apply 
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outside  the  confines  of  the  study.  A  biased  study  leads  to  false 
conclusions;  therefore,  the  generalizability  of  a  biased  study 
is  irrelevant.  Bias  is  a  systematic  error  that  can  be  introduced 
at  any  phase  of  the  study.*  As  stated  earlier,  potential  biases 
enter  into  NPPV  studies  because  the  treatment  cannot  be 
blinded.  Ascertainment  of  the  outcome  may  be  biased  by  knowl- 
edge of  who  received  NPPV.  For  example,  in  a  study  that  uses 
intubation  as  an  end  point,  it  is  possible  that  the  decision  to 
intubate  is  biased  by  knowledge  that  the  patient  did  or  did  not 
receive  NPPV.  In  addition  to  bias  involved  in  ascertaining  the 
outcome,  it  is  possible  that  patients  receiving  the  study  treat- 
ment also  receive  additional  attention  and  therapy.  Tliis  biases 
the  study  toward  showing  an  effect  from  the  treatment  when 
this  effect  is  actually  due  to  other  ancillary  therapies. 

To  avoid  bias  investigators  should  structure  the  study  so 
that  decisions  and  observations  are  performed  equally  or  at 
random.  Blinding  ensures  that  en'ors  introduced  are  random 
and  do  not  bias  the  study  in  a  specific  direction.  A  measurement, 
treatment,  or  patient  selection  performed  by  a  blinded  inves- 
tigator cannot  bias  a  study.  If  the  treatment  cannot  be  obscured, 
then  other  measures  are  necessary  to  minimize  bias.  Proto- 
cols that  reduce  the  investigator's  choices  in  any  particular 
measurement  or  decision  have  2  advantages.  They  minimize 
bias  by  ensuring  that  all  patients  are  treated  equally  by  pro- 
tocol. Protocols  also  reduce  variability,  which  improves  the 
precision  and  statistical  power  of  the  study.  Developing  pro- 
tocols and  assessing  compliance  for  complex  clinical  deci- 
sions like  intubation  can  be  difficult. 

Confounding 

Causality  is  an  inference  based  in  part  on  the  observation 
of  an  association  between  2  variables.'*'*  For  example,  to  jus- 
tify the  claim  that  patients  with  acute  respiratory  failure  Ueated 
with  NPPV  have  lower  rates  of  pneumonia  than  those  treated 
with  standard  therapy,  an  in\estigator  in  a  hypothetical  study 
observes  that  the  nosocomial  pneumonia  rate  in  NPPV  patients 
is  50%  less  than  in  the  control  group.  If  a  third  variable  actu- 
ally accounts  for  the  obseiTed  association,  then  the  relationship 
between  treatment  and  outcome  is  confounded.  If  for  exam- 
ple, patients  who  received  NPPV  were  younger  and  had  been 
in  the  hospital  for  a  shorter  period  of  time  prior  to  their  res- 
piratory failure,  then  the  lower  pneumonia  rates  may  be  due 
to  these  variables.  The  relationship  between  NPPV  and  lower 
pneumonia  rates  is  confounded  by  age  and  duration  of  hos- 
pitalization prior  to  respiratory  failure. 

There  are  4  solutions  to  confounding:  restriction,  match- 
ing, adjustment,  and  randomization.  Matching  and  restrict- 
ing the  patient  population  eliminate  the  problem  by  forcing 
the  patients  to  be  similar  with  regard  to  the  confounder.  Adjust- 
ment is  a  quantitative  technique  that  mathematically  controls 
for  the  confounding  variable.  A  variety  of  methods  includ- 
ing stratification  and  multivariate  regression  can  be  used  to 
accomplish  this.  Regardless  of  the  method,  adjustment  allows 


investigators  to  present  an  estimate  of  the  association  between 
two  variables  that  removes  the  effect  of  the  extraneous  con- 
founding variables.  Randomization  does  not  'control'  con- 
founding as  matching  and  adjustment  do.  Instead,  random- 
ization reduces  confounding  to  a  matter  of  chance  which  is 
reflected  in  the  statistical  p  value.  Imagine  a  randomized  trial 
that  showed  that  NPPV  was  associated  with  a  30%  decrease 
in  mortality  (p  =  0.03).  The  probability  that  this  observed 
decrease  in  mortality  or  a  larger  one  occurred  because  sicker 
people  were,  by  chance  alone,  assigned  to  receive  the  device 
is,  by  definition,  the  p  value,  0.03  (3% ).  Randomization  does 
not  eliminate  confounding,  but  it  quantifies  the  probability 
that  it  occurred.  Randomization  has  the  distinct  advantage  of 
relieving  the  investigator  of  the  responsibility  of  identifying 
confounders  because  all  variables,  known  and  unknown,  are 
randomly  distributed  between  the  groups. 

Study  Designs 

No  study  design  is  perfect.  Every  completed  research  pro- 
ject reflects  a  series  of  compromises  between  feasibility,  fis- 
cal constraints,  and  scientific  validity.  In  selecting  a  design 
from  the  many  possible  choices  (Table  2),  the  investigator  con- 
siders whether  the  limitations  and  costs  outweigh  the  ability 
of  the  design  to  provide  answers  to  the  research  question. 

Table  2.      Study  Design  Options. 

None.xperiments 
Case  series 
Cohort 
Case-control 

Experiments 

Blinded  randomi/ed  trial 
Nonblinded  randomi/ed  trial 
Cross-over  trial 
Before-after  trial 
Cluster  randomized  trial 


Retrospective  versus  Prospective 

Although  a  retrospective  study  design  is  commonly  con- 
sidered a  weakness  and  prospective  design  a  strength,  one 
design  is  not  necessaiily  superior  to  the  other.  Rather  than  cri- 
tique a  study  solely  for  being  retrospective,  readers  should 
identify  specific  problems  with  generalizability,  bias,  or  con- 
founding. Retrospective  ;ind  prospective  refer  to  the  time  fraine 
in  which  the  study  was  pert'onned.  Retrospecti\'e  designs  rely 
on  data  already  collected  on  patients  or  subjects  to  answer  a 
new  research  question.  Investigators  using  retrospective  data 
must  rely  on  the  infomiation,  documentation,  and  patient  iden- 
tification performed  by  others.  A  common  source  of  retro- 
spective data  in  intensive  care  clinical  research  is  the  med- 
ical chart.  Here  the  investigator  is  limited  to  the  tests  ordered 
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and  information  recorded  by  others  for  purely  clinical  pur- 
poses, which  may  introduce  bias  when  the  investigator  uses 
the  data  later  to  answer  a  research  question.  Prospective  stud- 
ies collect  data  in  real  time  for  the  specific  purposes  of  the 
research  question.  These  designs,  which  are  more  expensive 
and  involved  than  retrospective  studies,  allow  investigators 
to  define  and  control  every  aspect  of  patient  identification, 
data  collection,  and  diagnostic  test  ordering. 

Nonexperimental  Designs 

Study  designs  can  be  broken  down  into  experiments,  in 
which  the  investigator  assigns  patients  to  receive  the  treat- 
ment, and  nonexperiments.  in  which  the  investigator  has  no 
control  over  who  receives  the  intervention  (Table  2).  Non- 
experimental  designs  include  the  case  series,  cohort,  and  case- 
control  studies.  The  case  series  is  simply  a  report  on  a  col- 
lection of  patients  who  received  the  treatment.  Case  series  can 
address  questions  about  safety  and  cost  but  are  poorly  suited 
to  questions  of  clinical  utility  unless  the  outcome  in  a  con- 
trol group  is  unifonn  and  known  with  certainty.  In  a  case  series, 
all  patients  would  have  received  NPPV.  and.  therefore,  explicit 
comparisons  to  standard  care  (clinical  utility)  are  impossible. 
Several  factors  can  strengthen  case  series.  Detailed  information 
about  how  tlie  patients  were  selected,  their  diagnoses,  and  sever- 
ity of  illness  helps  readers  judge  whether  the  case  series  is  gen- 
eralizable.  The  patients  should  be  either  a  consecutive  or  ran- 
dom sample  of  those  who  received  NPPV.  It  is  essential  to 
provide  some  infomiation.  if  only  a  count,  about  patients  who 
were  not  included  in  the  case  series.  Although  these  steps  do 
not  eliminate  the  possibility  that  the  case  series  is  biased  by 
clinicians'  selection  of  the  patients  for  inclusion  in  the  series, 
they  provide  readers  with  enough  information  to  judge  the 
extent  such  bias  occurred. 

A  cohort  is  a  group  of  patients  who  share  some  identifi- 
able characteristic  usually  beginning  with  the  word  all.  For 
example,  all  patients  admitted  to  the  ICU  or  all  Medicare  recip- 
ients who  were  hospitalized  with  a  primary  diagnosis  of 
myocardial  infarction  between  January  1.  1995  and  Decem- 
ber 31.  1996.  The  cohort  is  followed  until  a  study  end  point, 
such  as  death  or  ICU  discharge,  occurs.  Individuals  within 
the  cohort  are  assessed  for  the  presence  of  an  "exposure."  In 
traditional  epidemiology  this  exposure  may  be  tobacco,  an 
infectious  source,  or  asbestos.  In  evaluating  medical  care,  the 
exposure  is  to  a  treatment  like  NPPV.  The  assixiation  between 
this  exposure  and  the  outcome  is  expressed  as  a  relative  risk. 
The  relative  risk  is  the  proportional  increase  in  mortality  or 
other  study  outcome  in  those  with  the  exposure  compared  to 
the  unexposed.  The  cohort  study  is  an  excellent  design  for 
answering  safety,  comparative  performance,  cost,  and  utilization 
questions.  Cohort  studies  can  be  inefficient  for  studying  rare 
events  because  they  require  the  investigator  to  collect  data 
on  a  large  group  of  patients  of  whom  only  a  few  will  even- 
tuallv  have  an  outcome  of  interest.  One  modification  of  the 


cohort  study,  the  parallel  cohort,  takes  a  series  of  patients  with 
the  exposure  and  corupiues  them  to  a  group  of  patients  selected 
because  they  did  not  receive  the  exposure.  When  the  exposed 
and  unexposed  subjects  come  from  separate  time  periods  it 
is  called  a  historically  controlled  study.  In  general,  because 
parallel  cohort  studies  rely  on  sampling  separate  populations 
(exposed  and  unexposed),  they  are  subject  to  more  complex 
sampling  and  selection  biases  than  single  cohort  studies.  A 
1982  analysis  of  the  record  suggested  that  historically  con- 
trolled studies  are  bia.sed  toward  concluding  that  interventions 
are  effective.'" 

Case-control  studies  are  used  less  frequently  in  the  eval- 
uation of  medical  treatments. ' '  Instead  of  identifying  a  cohort 
of  patients,  assessing  them  for  their  exposure  status,  and  fol- 
lowing them  until  outcomes  occur,  case  control  studies  stait 
at  the  outcome.  To  study  the  association  of  NPPV  with  mor- 
tality using  a  case-control  study,  an  investigator  might  start 
with  a  case  series  of  all  patients  admitted  with  respiratow  fail- 
ure who  died  and  a  control  group  of  patients  with  the  same 
diagnosis  who  survived.  To  study  the  factors  that  influence 
the  decision  to  use  NPPV.  the  investigator  would  begin  with 
a  case  series  of  patients  who  received  NPPV.  After  identifying 
the  patients  for  the  case  series,  control  patients  who  do  not 
have  the  outcome  are  identified.  Case-control  studies  ai'e  effi- 
cient for  studying  rare  outcomes  because  they  do  not  rely  on 
following  a  large  group  of  patients  until  they  develop  the  out- 
come. Like  parallel  cohort  studies,  case-control  studies  use 
2  separate  samples  (cases  with  the  outcome  and  controls  that 
do  not  have  it)  and  are,  therefore,  subject  to  subtle  biases  in 
their  selection  that  single-sample  cohort  studies  lack. 

Experimental  Designs 

In  an  experiment,  the  investigator  assigns,  usually  ran- 
domly, patients  to  receive  monitoring  or  not.  As  noted  ear- 
lier, the  strength  of  random  assignment  is  that  it  reduces  con- 
founding from  known  and  unknown  variables  to  chance. 
Blinding  is  added  to  randomization  to  minimize  bias  in  the 
assessment  of  outcomes  and  in  the  provision  of  treatments 
other  than  the  study  intervention.  In  combination,  the  blinded 
randomized  controlled  trial  (RCT)  is  the  strongest  available 
evidence  for  demonstrating  a  causal  relation  between  a  treat- 
ment and  an  outcome. 

There  are  several  limitations  to  the  blinded  RCT.  Although 
randomization  is  ethically  justified  when  there  is  equipoise 
(that  is.  equally  strong  pro  and  con  opinions  on  a  treatment's 
clinical  utility  in  the  medical  community),  it  may  still  be  dif- 
ficult for  individual  clinicians  and  patients  to  subject  deci- 
sions to  a  coin  toss.'-  RCTs  are  expensive  endeavors  and  may 
take  several  years  to  enroll  patients  and  reach  conclusions. 
Blinding,  though  an  essential  part  of  bias  reduction  in  study 
design,  is  particulaily  problematic  for  studies  of  ventilator  and 
other  respiratory  care  treatments  that  may  be  difficult  to  blind. 
Except  for  community-based  large,  simple  trials,  most  \<C  Ys 
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are  designed  to  answer  efficacy  questions  and  do  not  adequate- 
ly address  effectiveness."  Finally,  because  assignment  is  con- 
trolled by  the  investigator,  utilization  questions  cannot  be 
answered  by  RCTs. 

Modifications  to  the  blinded  RCT  attempt  to  circum\  ent 
some  of  the  limitations  introduced  by  blinding  and  random 
assignment. '■*  When  interventions  cannot  be  blinded,  other 
safeguards  to  prevent  bias  should  be  instituted.  Clinical  deci- 
sions can  be  guided  by  protocol  and  study  end  points  can  be 
assessed  by  an  independent  observer  who  is  blinded  to  the 
subject's  assignment.  To  alleviate  the  burdens  of  individual 
randomization,  study  designs  can  assign  each  individual  to 
receive  both  the  intervention  and  control  (cross-over  study) 
or  assign  every  individual  for  a  period  of  time  to  receive  the 
intervention  (before-after  and  cluster  randomization).  Cross- 
over studies  have  little  relevance  to  the  evaluation  of  NPPV 
and  are  best  suited  to  the  study  of  drugs  with  short  half  lives. 
The  before-after  study  collects  data  on  an  ICU  during  a  con- 
trol period  and  then  institutes  an  intervention  applied  to  all 
patients  for  an  intervention  period.  For  example,  a  hospital 
collects  data  for  6  months  on  patients  admitted  with  acute  res- 
piratory failure  and  then  institutes  an  NPPV  protocol  for  appro- 
priate patients.  The  mortality  and  other  outcoine  variables  are 
compared  for  all  patients  with  acute  respirator'  failure  in  both 
time  periods.  Cluster  randomization  is  a  multi-unit  extension 
of  this  design  that  collects  the  same  data  for  the  control  period 
and  then  r;inde)nily  assigns  some  ICUs  to  apply  the  intervention 
and  others  to  continue  as  controls.  Although  these  designs  may 
avoid  the  complexities  incurred  by  randomizing  individuals, 
they  suffer  from  other  limitations.  Secular  trends  in  mortal- 
ity and  treatments  independent  of  the  study  intervention  limit 
the  utility  of  the  before-after  (within-group)  comparison.  The 
between-group  comparison  in  cluster  randomization  (com- 
parison between  ICUs  randomized  to  start  the  intervention 
and  those  who  remain  as  controls)  is  limited  by  the  effective 
sample  size  of  the  study.  Because  the  unit  of  randomization 
is  the  ICU,  the  unit  of  analysis  cannot  be  the  individual  sub- 
ject. Therefore,  the  sample  size  is  not  simply  the  number  of 
patients,  and  study  power  is  often  limited  by  the  number  of 
clusters  that  are  randomized.'^ 

To  address  the  high  cost  and  limited  ability  of  RCTs  to 
address  effectiveness,  investigators  have  turned  to  nonex- 
perimental  designs  to  evaluate  clinical  utility.  This  approach, 
called  outcomes  research,  is  receiving  increasing  attention. 
There  is  a  great  deal  of  appeal  to  using  non-experimental 
designs  to  assess  clinical  utility.  Outcomes  research  relies  on 
the  variability  in  everyday  clinical  practice,  "experiments  of 
nature",  instead  of  random  allocation.  Large  sample  sizes  can 
be  accumulated  by  using  computerized  medical  data  sets.  By 
including  data  on  cominunity  practice,  the  effectiveness  of 
treatments  can  be  studied.  .'Mthough  experience  with  these 
techniques  is  growing,  nonexperimental  designs  are  subject 
to  concerns  about  bias  and  uncontrolled  confounding  that  exper- 
imental designs  elegantly  avoid.  Perhaps  the  greatest  of  these 


is  confounding  by  indication."'  In  the  absence  of  assignment, 
patients  who  receive  a  medical  treatment  may  be  different  in 
ways  that  are  difficult  to  control.  For  example,  in  a  nonex- 
perimental "outcome"  study  of  NPPV,  patients  who  received 
NPPV  are  noted  to  have  higher  mortality  than  those  who  did 
not  receive  NPPV  even  after  controlling  for  age,  severity,  and 
cause  of  respiratory  failure.  It  is  possible  in  this  hypotheti- 
cal study  that  some  of  the  patients  w  ho  were  selected  for  NPPV 
refused  intubation  and  other  aggressive  measures.  Therefore, 
their  deaths  were  due  to  an  unaccounted-for  variable — in  this 
case,  the  refusal  of  other  life-sustaining  treatments.  Variables 
like  DNR  (do  not  resuscitate)  orders,  failure  of  initial  ther- 
apy, and  physician  uncertainty  are  not  captured  by  standard 
severity  of  illness  measures  but  may  independently  be  asso- 
ciated with  a  poor  outcome.  Failure  to  control  for  confounding 
by  indication  can  bias  the  study  in  either  direction.  Because 
of  these  limitations,  it  is  unlikely  that  outcomes  research  will 
ever  replace  the  blinded  RCT  as  the  primary  study  to  docu- 
ment efficacy.  However,  as  experience  mounts,  nonexperi- 
mental studies  of  clinical  utility  will  complement  and  extend 
the  findings  from  efficacy-oriented  RCTs. 

In  Conclusion 

Future  studies  of  NPPV  in  acute  respiratory  failure  should 
be  directed  toward  answering  4  questions.  Can  NPPV  repro- 
ducibly  reduce  mortality,  complications,  and  costs  compared 
to  standiird  care  or,  alternatively,  is  avoiding  intubation  alone 
sufficient  justification  for  using  NPPV?  Can  NPPV  be  per- 
fonned  outside  of  an  academic  setting  with  acceptable  results? 
What  is  the  optimal  device  to  deliver  NPPV?  Using  a  care- 
ful analysis  that  includes  training  time  for  staff  and  additional 
monitoring  for  patients  who  recei\  e  NPPV,  what  are  the  incre- 
mental costs  (or  savings)  of  NPPV  compiued  lo  standard  care? 
Answering  these  questions  will  clarify  the  risks,  benefits,  and 
costs  of  NPPV  for  clinicians  and  patients. 

NPPV  presents  a  number  of  challenges  to  investigators  tiy- 
ing  to  answer  these  questions.  Learning  to  design  better  stud- 
ies luid  to  critically  interpret  research  rests  on  an  understimding 
of  the  fundamentals  of  study  design  and  statistical  analysis. 
A  strong  evidence  base  for  medical  practice  allows  clinicians 
to  better  ser\'e  patients  ;ind  more  ef  ficienib  use  resources.  Non- 
invasive mechanical  ventilation  does  not  merit  clinical  use 
simply  on  the  basis  of  making  sense:  its  risks,  benefits,  and 
costs,  like  those  of  other  medical  interxentions.  need  to  be  c;ire- 
fully  and  empirically  demonstrated. 
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Niilices  of  LcMiipelilions.  scholarships,  fellowships,  examinalion  dales,  new  educational  programs,  and  the  like  will  he  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  belbrc  the  desired  month  of  publication  (January  I  for  the  March  issue. 
February  I  for  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 1030  Abies 
Lane.  Dallas  TX  75229-4593. 


Uhc  National  Honor  ^ocicttf  jot 


% 


the  'projciiion  <j  'J\£Sputiioiij  Caw 


For  information  aboiil  the  Lambda  Beta  Society — 

the  National  Honor  Society  for  the 

Profession  of  Respiratory  Care. 

contact  the  Society  Office  at 

1701  W  Euless  Blvd.  Suite  2(10,  Euless  TX  76040 

(S17)2S.V4269. 


FDA  Offers 
Regional  Workshops 


To  help  implement  the  Medical  Devices:  Current  Good 
Mcmufactiiring  Practice  Final  Rule/Quality  System  Regu- 
lation, the  Food  and  Drug  Administration  (FDA)  is  offer- 
ing regional  workshops.  For  information  about  a  workshop 
near  you,  contact  the  representative  in  your  area. 

Northeast  Region—George  R  Walden.  850  Third  Ave, 
Brooklyn  NY  1 12.'?2,  (718)  965-5300  e.xt  5528. 

Mid-Atlantic  Rej-ion— Joseph  X  Phillips.  900  U.S.  Cus- 
tomhouse, 2nd  &  Chestnut  St.  Philadelphia  PA  19106. 
(215)597-0537. 

Southeast  Region — Barbara  Ward-Groves.  60  Eight  .St 
NF.  Atlanta  GA  30309.  (404)  347-4001  ext  5256. 

Midwest  Region — Joe  L  Petty.  20  N  Michigan  Ave  Room 
5 1 0,  Chicago  IL  60602,  (3 1 2)  353-9400  ext  23. 

Southwest  Region — Marie  T  Falcone,  7920  Elmbrook  Or 
Suite  102,  Dallas  TX  75247-4982,  (214)  655-8100  ext 
128. 

Pacific  Region — Mark  S  Koh,  Oakland  Federal  Building. 
1301  Clay  Street  Suite  1 I80-N,  Oakland  CA  94612-5217, 
(510)637-3980. 


Editorial  Office  via  the  Internet 

Web  browsers  can  now  reach  the  RESPIRATORY  Cark 
Editorial  Office  via  e-mail.  Questions  about  the  status  of  a 
manuscript,  writing  guides,  other  AARC  Web  sites.  Clini- 
cal Practice  Guidelines,  and  more  can  be  answered  by  our 
Editorial  Assistant.  Linda  Barcus.  Her  e-mail  address  is 
barcus@aarc.org.  Pal  Brougher.  Editor,  can  be  reached  at 
brougherCSaarcorg:  and  Kris  Williams.  Assistant  Editor. 
at  williams(s'aarc.org. 
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Helpful  Web  Sites 


National  Asthma  Education  Prevention 
Program  (luidelines,  2nd  Kdition 

http;//w  WW. nhlbi.nih.gov/nhlbi/lung/asthma/prof/ 
asthgdln.htm 

,4merican  Association  for  Respiratory  Care 

http://ww\v.aarc.ot'g 

National  Hoard  for  Respiratory  Care 

http://www.nbrc.org 

Applied  Measurement  Professictnals  Inc 

http://www.applmeapro.com 

Food  and  Drug  .Administration 

http://www.fda.go\ 

Center  for  Devices  and  Radiological  Health 

http://www.fda.gov/cdrh/index.html 

Tuberculosis  Information 

http://w  WW  umdnj.edu/ntbc 
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Respiratory  Care  Special  Issue 


September  1997  issue  of  the  Journal  will  be  devoted  to 
education — respiratory  care  formal  programs  and  curricu- 
lum, continuing  and  in-service  education,  and  patient  edu- 
cation. Original  studies,  state-of-the-art  reviews,  teaching 
features,  reviews  of  instructional  materials,  and  other  areas 
of  education  are  encouraged.  Send  your  unpublished 
manuscripts  for  peer  re\iew.  For  more  details,  call  Kris 
Williams.  Assistant  Editor,  (972)  406-4665. 


1997  Open  Forum 

May  27,  1997  is  the  final  deadline  for  submitting 
abstracts  for  presentation  at  the  43rd  International  Respira- 
tory Congress  in  New  Orleans.  Louisiana.  Accepted  ab- 
stracts will  also  be  published  in  the  November  1997  issue 
of  Respiratory  Care. 

See  the 

1997  Call  for  Abstracts 

in  this  issue  for  more  information. 


The  National  Board  for  Respiratory  Care — 1997  Examination  Dates  and  Fees 


Examination 

CRTT  Examination 


RRT  Examination 


CPFT  Examination 


RPFT  Examination 


Examination  Date 

March  8.  1997 

Application  Deadline:  January  1,  1997 

July  12,  1997 

Application  Deadline:  May  1.  1997 

Novembers.  1997 

Application  Deadline:  September  1.  1997 

June  7.  1997 

Application  Deadline:  Februar)'  1.  1997 


December  6.  1997 

Application  Deadline:  August  1,  1997 

June  7.  1997 

Application  Deadline:  April  I.  1997 

December  6.  1997 

Application  Deadline:  September  1.  1997 


Examination  Fee 

100 

(new  applicant) 

60 

(reapplicant) 

100 

(new  applicant) 

60 

(reapplicant) 

100 

(new  applicant) 

60 

(reapplicant) 

100 

Written  only  (new  applicant) 

60 

Written  only  (reapplicant) 

110 

CSE  only  (all  applicants) 

210 

Both  (new  applicant) 

170 

Both  (reapplicant) 

110 

(new  applicant) 

80 

(reapplicant) 

160 

(new  applicant) 

130 

(reapplicant) 

160 

(new  applicant) 

no 

(reapplicant) 

Perinatal/Pediatric  Respiratory      March  8,  1997 

Care  Specialty  Examination  Application  Deadline:  November  1.  1996 

For  information  about  other  services  or  fees,  write  to  the 
National  Board  for  Respiratory  Care,  8310  Nieman  Road,  Lenexa  KS  66214,  or  call  (913)  599-4200,  FAX  (913)  541-0156,  email  nbrc-info®' nbrc.org. 


Summer  Forum 

Phoenix,  Arizona 

July  25-27 

Program  &  registration  information  available  in  tiie  April  1997  issue  of  AARC  Times 

or  on  our  website  at  www.aarc.org 
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Announcing  the  New  Edition  of  a  Time-Honored  Masterpiece 

Taber's  18th  Edition 


AN  rcxognizable  as  a  tamous  work  oi"  art,  Taber's 
represents  excellence  and  precision  —  a  masterpiece 
i  of  knowledge  that  could  only  be  achieved  through 
a  rigorous  revision  and  refinement  process  spanning  18 
^^1    editions  and  nearly  60  years.  With  the  addition  of  meaningful 
color  illustrations,  and  guided  by  a  commitment  to  producing 
the  most  authoritative  source  of  health  care  terminology 
available,  Clayton  L.  Thomas,  MD,  MPH,  and  a  distinguished 
team  of  allied  health  and  nursing  consultants  have  sculpted 
what  will  surely  be  recognized  as  one  of  health  care's  most 
respected  sources  of  inlormation  —  Taber's  18th  Edition. 

REASONS  WHY  YOU  NEED 
THE  NEW  EDITION  OF  TABER'S 

•  Approximately  55,000  terms  with  over  2,100  new  entries 
—  more  terms  than  any  other  allied  health  dictionary! 

•  560  illustrations,  many  in  full  color,  complement  ^    ^s 
the  dictionary  entries.  That's  color  with  meaning' 

•  Over  250  Caution  Statements  bordered  in 
color  lor  easy  access 

•  Taber's  board  of  distinguished  consultants 
carefully  reviewed  and  updated  each  definition. 
Respiratory  Therapy  Consultants:  Robert  L.  Wilkins, 
PhD,  RRT  and  Stanley  M.  Pearson,  MSEd,  RRT,  C-CPT 
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TABER'S  —  MORE  THAN  A  DICTIONARY 

Forty-seven  comprehensive  appendices  make  labers  18th 
more  than  just  a  dictionary  —  it's  a  complete  reference! 
You'll  find  the  following  appendices  of  key  interest: 
/  Universal  Precautions  —  updated  and  revised  to 

include  OSHA  guidelines  for  safe  practice 
/  Anatomy  —  serves  as  a  quick  reference  in  an  easy-to- 
read  format,  highlighting  muscles,  joints,  nerves,  arteries, 
and  veins  of  the  body 
/  Medical  Abbreviations  —  now  in  an  easy  alphabetized  list 
/  Units  of  Measurement  (Including  SI  Units)  —  covers 
scientific  notation,  SI  units,  the  Metric  System,  weights 
and  measures,  and  conversion  rules  and  factors 
/  Nutrition  —  details  recommended  dietar)'  allowances  and 

information  on  vitamins  significant  in  the  human  diet 
/  Medical  Emergencies  —  offers  signs/symptoms  and 
treatment  for  common  medical  emergencies,  including 
an  extensive  section  on  poisoning  emergencies 
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F.A.  Davis  Company  •  Publishers 
1915  Arch  Street 
Philadelphia,  PA  19103 


0193-XF 
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Circle  122  on  reader  service  card 


1997  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiraton  Caie  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  re\iewed.  and  selected  authors  will  be  invited 
to  present  posters  at  tlie  Open  FORUM  during  the  AARC  Inter- 
national Respiratory  Congress  in  New  Orleans,  Louisiana. 
December  6-9,  1997.  Accepted  abstracts  will  be  published 
in  the  November  1997  issue  of  RESPIRATORY  CARE.  Mem- 
bership in  the  AARC  is  not  required  for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  ( 1)  an  original  study,  (2)  the  eval- 
uation of  a  method,  device  or  protocol,  or  (3)  a  case  or 
case  series.  Topics  may  be  aspects  of  adult  acute  care,  con- 
tinuing care/rehabilitation,  perinatology/pediatrics,  cardio- 
pulmonary technology,  or  health  care  delivery.  The  abstract 
may  have  been  presented  previously  at  a  local  or  regional — 
but  not  national — meeting  and  should  not  have  been  published 
previously  in  a  national  journal.  The  abstract  is  the  only  evi- 
dence by  which  the  reviewers  can  decide  whether  the  author 
should  be  invited  to  present  a  poster  at  the  OPEN  FORUM. 
Therefore,  the  abstract  must  provide  all  important  data,  find- 
ings, and  conclusions.  Give  specific  information.  Do  not  write 
such  general  statements  as  "Results  will  be  presented"  or  "Sig- 
nificance will  be  discussed." 

Essential  Content  Elements 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed  and  reduced  by 
40'7f :  therefore,  the  size  of  the  original  text  should  be  at  least 
10  points.  A  font  like  Helvetica  or  Geneva  makes  the  clear- 
est reproduction.  The  first  line  of  the  abstract  should  be  the 
title  in  all  capital  letters.  Title  should  explain  content.  Fol- 
low title  with  names  of  all  authors  (including  credentials), 
institution(s),  and  location:  underline  presenter's  name.  Type 
or  electronically  print  the  abstract  single  spaced  in  a  single 
paragraph  in  the  space  provided  on  the  abstract  blank.  Insert 
only  one  letter  space  between  sentences.  Text  submission  on 
diskette  is  encouraged  but  must  be  accompanied  by  a  hard 
copy.  Identifiers  will  be  masked  (blinded)  for  review.  Data 
may  be  submitted  in  table  form,  and  simple  figures  may  he 
included  provided  they  fit  within  the  space  allotted.  No  fig- 
ures, illustrations,  or  tables  are  to  be  attached  to  the  abstract 
form.  Provide  all  author  infomiation  requested.  A  clear  pho- 
tocopy of  the  abstract  form  may  be  used.  Standard  abbre- 
viations may  be  employed  without  explanation;  new  or  infre- 
quently used  abbreviations  should  be  spelled  out  on  first  use. 
Any  recurring  phrase  or  expression  may  be  abbreviated,  if 
it  is  first  explained.  Check  the  abstract  for  ( 1 )  eiTors  in  spelling, 
grammar,  facts,  and  figures;  (2)  clarity  of  language;  and  (3) 
conformance  to  these  specifications.  An  abstract  not  prepared 
as  requested  may  not  be  reviewed.  Questions  about  abstract 
preparation  may  be  telephoned  to  the  editorial  staff  of  RES- 
PIRATORY Care  at  (972)  406-4667. 


Original  study.  Abstract  must  include  ( 1 )  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  permit  judgment  of  validity;  0)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis;  (4)  Conclusions:  inteipretation  of  the  meaning 
of  the  results. 

Method,  device,  or  protocol  evaluation.  Abstract  must 
include  ( 1 )  Background:  identification  of  the  method,  device, 
or  protocol  and  its  intended  function;  (2)  Method:  descrip- 
tion of  the  evaluation  in  sufficient  detail  to  permit  judgment 
of  its  objectivity  and  validity:  (3)  Results:  findings  of  the  eval- 
uation; (4)  Experience:  summary  of  the  author's  practical  expe- 
rience or  a  lack  of  experience;  (5)  Conclusions:  interpreta- 
tion of  the  evaluation  and  experience.  Cost  comparisons  should 
be  included  where  possible  and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  ( 1 ) 
Introduction:  Relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summary:  Patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  Content  should  reflect 
results  of  literature  review.  The  author(s)  should  have  been 
actively  involved  in  the  case  and  a  case-managing  physician 
must  be  a  co-author  or  must  approve  the  report. 


Deadline  Allowing  Revision 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
postmarked  by  March  17,  1997  will  be  reviewed  and  the 
authors  notified  by  letter  only  to  be  mailed  by  April  25,  1997. 
Rejected  abstracts  will  be  accompanied  by  a  written  cri- 
tique that  should,  in  many  cases,  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (May 
27,  1997). 

Final  Deadline 

The  mandatory  Final  Deadline  is  May  27,  1997  (postmark). 
Authors  will  be  notified  of  acceptance  or  rejection  by  letter 
only.  These  letters  will  be  mailed  by  August  15,  1997. 

Mailing  Instructions 

Mail  (Do  not  fax!)  2  clear  copies  of  the  completed  abstract 
form,  diskette  (if  possible),  and  a  stamped,  self-addressed  post- 
card (for  notice  of  receipt)  to: 

RESPIRATORY  CARE  OPEN  FORUM 

11030  Abies  Lane 

Dallas  TX  75229-4593 
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1997  Respiratory  Care  Open  Forum 

Abstract  Form 


1 .  Title  must  be  in  all 
uppercase  (capital) 
letters,  authors'  full 
names  and  text  in 
upper  and  lower  case. 

2.  Follow  title  with  all 
authors"  names 
including  credentials 
(underline  presenter's 
name),  institution,  and 
location. 

3.  Do  not  justify  (ie, 
leave  a  'ragged'  right 
margin). 

4.  Do  not  use  t\pe  size 
less  than  10  points. 

5.  All  text,  tables,  and 
figures  must  fit  into 
the  rectangle  shown. 

6.  Submit  2  clean  copies. 
This  fomi  may  be 
photocopied  if 
multiple  abstracts  are 
to  be  submitted. 


Mail  original  & 
1  photocopy 
(along  with  postage- 
paid  postcard)  to 

Respiratory  Care 
Open  Forum 

11030  Abies  Lane 
Dallas  TX  75229-4593 


Earlv  deadline  is 

March  17.  1997 

(postmark) 

Final  deadline  is 

May  27.  1997 

(postmark) 


13.9  cm  or  5.5" 

1 

Name  &  Credentials 

Mailing  Address 

Voice  Phone  &  Fax 

1  I  i 

-    -    3 

Name  &  Credentials 

s  £  3 
*  *  3 

Mailing  Address 

1 1 1 

Voice  Phone  &  Fax 

I   II  I      M>  \     M  I   DM    A  I     I'knillH     IS     K  I   IMI  k  1   i  S<.     I'KIK.  K   \  M 


For  VOLUNTARY  rcrortinu 

In  health  profe>sionals  of  adverse 

e\  ent>  and  product  prohlenis 


FDA  Use  Only  (Resp  Care) 


A.  Patient  information 


1     Patient  identifier 


In  confidence 


Age  at  time 
of  event: 
or  


Page 

1 3  Sex             I  4    Weight 
I     I  female       lbs, 

D 


B.  Adverse  event  or  product  problem 


D   Ad 


verse  event       jnrl  i 


\     1  Product  problem  (e  g  ,  detects/malfunctions) 


2    Outcomes  attributed  to  adverse  event       | — , 

(Check  all  that  apply)  I — I  disability 

I     I  congenital  anomaly 
r)  Q  required  intervention  to  prevent 


I     I  death 


I     I  life-threatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged       lU  °*^' 


3  Date  of 
event 


4  Dale  of 
this  report 


5    Describe  event  or  problem 


6    Relevant  tests/laboratory  data,  including  dates 


Other  relevant  history,  including  preexisting  medical  conditions  (eg  .  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic'renal  dysfunction,  etc  ) 


Mail  to:     Ml  I  )VV  A  KM  or  FAX  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville,  MD   20852-9787 


Triage  unit 
sequence  « 


C.  Suspect  medication(s) 


1     Name  (give  latiipled  strength  &  mfr/labeler,  if  known) 


Dose,  frequency  &  route  used 


3    Therapy  dates  (if  unknown,  give  duration) 

Ifum  10  lor  best  eslimalei 
#1 


4    Diagnosis  for  use  (indication) 


#2 


6    Lot  #  (if  known) 


7    Exp,  date  (if  known) 
#1 

#2 


9    NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  n™    Dgg^fy"" 


(,2  Dyes  n  no    D^ggPy"' 


8    Event  reappeared  after 
reintroduction 

#1  Dyes  D no    n^g^fy"' 


#2  Dyes  Dno    D^^^fy"' 


10    Concomitant  medical  products  and  therapy  dales  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


t     Brand  name 


2    Type  of  device 


3    Manufacturer  name  &  address 


6 
model  # 

catalog  # 

serial  #  _ 

lot#  


other  # 


4    Operator  of  device 

I     I  health  professional 
I     I  lay  user/patient 
□  other: 


5     Expiration  date 


7    If  implanted,  give  date 


8     If  explanted,  give  date 

(mo'dayr'yr) 


9    Device  available  for  evaluation?                 (Do  not  send  to  FDA) 
I     I    yes  Q  no  Q  returned  to  manufacturer  on 


0    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  sectiononback) 


1       Name  &  address 


phone  # 


Health  professional? 

D   ye^       n    no 


3      Occupation 


5      It  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  '  X  '  in  this  box,      LH 


4    Also  reported  to 

I     I      inani.ac'i  'er 

□         ::s,^   ■  ..lllty 

I     '        ■■    ibutor 


FDA  Form  3500  1/96)  Submlsslon  Of  3  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contiit    (ed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  otfier  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-tfireatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 

more  information 

•  1  -800-822-7967     for  a  VAERS  form 

for  vaccines 

If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tors  office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.   Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act, 


The  public  reporting  burden  for  this  collection  ot  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


OHHS  Reports  Clearance  Office 
Paperwork  Reduction  Project  (0910-0291) 
Hubert  H  Humplirey  Building.  Room  531-H 
200  independence  Avenue,  S  W 
Washington   DC   20201 


An  agency  may  not  conduct  or  sponsor, 
and  a  person  is  not  required  to  respond  to 
a  collection  ot  information  unless  it  displays 
a  currently  valid  Or^B  control  number 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U  S   DEPARTI^ENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Health  Service  •  Food  and  Drug  Administration 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Sen/ice 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IFfvlAILED 

IN  THE 

UNITED  STATES 

OR  APOFPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL     PERMIT  NO,  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


MFl)^TCH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 


Inlilil.iiliiliil.liiililMitliiilliililioltilill 


Not-for-profil  organizalions  are  offered  a  free  advcrlisenient  of  up  lo  eighl  lines  to  appear,  on  a  space-availahle  basis,  in  Calendar  of  Events  in 
RESPIRATORY  CARE,  Ads  for  other  meetings  are  priced  at  S5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  .Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RE.SPIRATORY  CARE. 
I  KBO  Abies  Lane.  Dallas  TX  7.S2:9-4.W.^- 


Calendar 
of  Events 


AARC  &  AFFILIATES 

April  15-16 — Pennsylvania  Society 

32nd  Annual  Southeast  District  Seminar.  -Happy  50th  Respii-atoi7  Care."  at  the  Airport  Ramada.  Essington.  Pennsylvania. 
Contact:  Aiigie  Herstine  at  (609)  784-0340  or  Ann  Cusano  at  (215)  646-7300  e,\t.  428. 

.\pril  16-18 — Alabama  Society 

1997  Annual  Respiratory  Care  Conference.  "Educational  Kaleidoscope."  at  the  Radisson  Hotel.  Birmingham.  Alabama. 
Contact:  (334)  70S-3790  or  (334)  434-,^4()5.  ore-mail  toptholt(s'jaguarl. usouthal.edu 

May  4-6 — Washington  Society 

24th  Annual  Pacific  Northwest  Regional  Respiratory  Care  Conference,  at  Cavanaugh's  Inn  and  Con\ention  Center.  Yakima,  Washington. 
Contact:  Richard  Lawrson.  4448  200  78th  Ave  NE.  Redmond  WA  98053.  (206)  880-4585. 

May  20-21 — Connecticut  Society 

Super  Symposium,  "Respiratory  Care:  The  Magic  Is  in  Your  Hands,"  at  the  Four  Points  Sheraton.  Waterbury,  Connecticut, 
Contact:  Nancy  Apruzzese.  Director.  Respiratory  Care  Services,  at  (860)  224-5264. 

June  11-13 — Texas  Society 

Annual  convention,  "The  Star  of  Texas."  at  the  Maniott  Ri\  erwalk  Hotel,  San  Antonio,  Texas. 
CRCE:  Credit  has  been  requested. 
Contact:  TSRC  at  (972)  680-2454. 

OTHER  MEETINGS 


2  an. 


April  12 — University  of  Micliigan  Medical  School 

Conference,  ",^dvances  in  COPD"  at  the  Laurel  Manor  Conference  Center.  Livonia,  Michiga 

3,5  credit  hours  in  Category  1  of  the  Physician's  Recognition  Award  of  the  American  Medical  Association;  credit  requested  from  the 

American  Osteopathic  Association, 
Contact:  Registrar,  Towsley  Center  for  Continuing  Medical  Education,  Department  of  Postgraduate  Medicine  and  Health  Protessions 

Education,  University  of  Michigan  Medical  School,  PO  Box  1 157,  Ann  Arbor  MI  48106-1 157, 

May  8-9— Methodist  Hospital/Clarion  Health  Partners  Inc 

International  Conference  on  Multiskilling.  at  the  Radisson  Hotel  City  Centre,  Indianapolis,  Indiana. 
Registration:  $345  by  April  1.  or  $395  after. 
Contact:  Lana  Phillips  at  (317)  929-8925, 

May  15-17 — Miami  Children's  Hospital 

Southeastern  ECMO  Conference,  "Advances  in  Extraordinary  Life  Support,"  at  Sheraton  Yankee  Trader  Beach  Resort.  Ft  Lauderdale 

Beach.  Florida. 
Contact:  Kari  Hultquist.  Miami  Children's  Hospital.  (305)  669-6423. 

May  16-21 — American  Lung  Association/  American  Thoracic  Society  (ALA/ATS) 
Annual  International  Conference  in  San  Francisco,  California. 
Contact:  1997  International  Conference.  ALA/ATS.  1740  Broadway.  New  York  NY  10019-4374,  (212)  3I5-88(J8. 
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New  Products 
&  Services 


News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRATORY  CARE  Journal.  New 
Pr(lducl^  and  Services  Dept.  1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Reusable  Nebulizer.  The  Perma- 
Neb,  Mtxlel  lOi)  pneumatic  jet  nebulizer, 
used  witii  Pulmo-Aide®  and  Puimo- 

Mate^"  compressors,  is  issued  by  DeV- 
ilbiss  Healtii  Caie  Inc.  According  to  tiie 
manufacturer,  the  PermaNeb  cuts  treat- 
ment time  in  half.  deli\ers  clinically  ef- 
fective particle  size,  and  uses  a  novel 
mouthpiece  and  check-valve  system. 
The  system  was  designed  for  pediatric 
patients  and  features  spill-proof  oper- 
ation for  patients  in  either  an  upright  or 
reclining  position  and  is  configured  for 
standard  22-mm  fittings  for  standard 
face  masks  or  T-connector  style  mouth- 
pieces. In  addition.  PennaNeb  is  reusable 
and  top-shelf  dishwasher  safe.  For  clin- 
ic use,  the  system  can  be  sterilized  by 
auloclavc.  Circle  Reader  Service  Num- 
ber 160,  for  details  from  DeVilbiss. 


Spirometer.  A  2-in-l  spirometer  is 
available  through  Vacumetrics  Inc.  The 
ATS-legal  Chest  Test  spirometer  works 
as  a  stand-alone  spirometer  capable  of 
storing  infomiation  for  up  lo  .SO  patients, 
interfacing  with  personal  computers  that 
use  Windows*  software,  and  printing 
patient  reports.  Tlie  company  also  claims 
that  the  unit  requires  no  cleaning,  steril- 
ization, or  filter  due  lo  the  unit's  pre- 
calibrated.  disposable  How  transducers. 


The  unit  can  also  be  used  in  pulmonary 
function  tests.  For  this  function,  the 
ChestTest  uses  the  precalibrated  flow 
transducer  and  provides  step-by-step  in- 
structions for  all  users.  To  learn  more 
about  the  2-in- 1  spirometer,  circle  Read- 
er Service  Number  161. 


Notebook  Compiter  Sy.stem.  The 

E.Kplorer  Notebook  is  a  new  lightweight 
compact  electromyography  (EMG)/ 
evoked  potential  instniment  by  Bio-logic 
Systems  Corporation.  According  to  the 
coinpany.  the  system  includes  software 
and  hardware  equivalent  to  a  full-size 
desktop  model.  The  display  provides 
real-time  EMG,  8  traces,  measurements, 
and  tables.  Tlie  UX)  MHz  portable  note- 
book computer  offers  a  2-channel  (ex- 
pandable to  8)  base  system,  built-in 
speaker,  automatic  report  generation,  7- 
button  remote  control  unit,  and  a  car- 
rying case  with  storage  for  accessories. 
For  information  about  the  system,  cir- 
cle Reader  Service  Number  162. 


N,\,S.\L  M.\.SK.  Respironics  Inc  now  in- 
cludes the  Monarch'"  Mini  Mask  nasal 
interface  for  treating  adult  obstructive 
sleep  apnea.  Tlie  mask  can  be  used  with 
conliiuuHis  positive  aii'way  pressure  iind 
bi-Ievel  positive  airway  pressure  systems, 
according  to  Respironics.  The  mask  fea- 


tures tlie  Comfort  Seal.  de\eloped  to  pro- 
vide comfort  while  maintaining  a  seal. 
(If  leaks  do  occur,  they  are  away  from 
the  eyes  and  may  be  more  tolerable  to 
patients.)  In  addition,  headgear  helps  hold 
the  mask  in  place,  and  one-size  nasal 
mask  fits  a  wide  range  of  patients.  Cir- 
cle Reader  Service  Number  163  for  more 
information  from  Respironics. 


Biopsy  Needle.  Popper  &  Sons  Inc 
reports  the  a\ailability  of  the  O  &  S  Bi- 
opsy Needle.  The  needle,  according  the 
company,  can  be  used  in  patients  with 
pleural  effusion  and  yields  larger  pleu- 
ral specimens.  The  O  &  S  Needle  has 
a  self-opening  biopsy  flap  that  helps  pre- 
vent injury  to  the  lung  during  the  biop- 
sy procedure.  The  external  diameter  of 
the  needle  is  3  mm — smaller  then  other 
biopsy  needles.  For  details,  circle  Read- 
er Service  Number  164. 


STRESS/HOLTER  S\'STEM.  Oxford  In- 
struments issues  Medilog'  StressLink, 
an  exercise  management  system.  Ac- 
cording to  a  company  press  release,  the 
StressLink  features  Oxford's  Medilog 
Holier  program  and  an  electrocardio- 
gram (ECG)  management  system.  The 
2-in- 1  instrument  provides  either  Holler 
or  stress  functions.  Patient  records  and 
databases  lue  ftillv  compatible  with  Mi- 
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crosoft®  computer  systems  and  can  be 
correlated  for  reports.  For  information 
about  the  system,  circle  Reader  Service 
Number  165. 


Multipurpose  Ventilator.  Driiger 

Inc  provides  the  MicroVent  compact. 
portable  ventilator.  The  new  design  fea- 
tures assist/control,  synchronized  in- 
temiittent  mechanical  ventilation,  pres- 
sure support,  continuous  positive  airway 
pressure,  apnea  ventilation,  and  optional 
pressure  control  ventilation.  According 
to  the  manufacturer,  the  ventilator  also 
offers  flow  trigger  with  base  flow,  ad- 
justable inspiratoi-y  time,  a  bi-directional 
flow  sensor,  and  an  internal  recharge- 
able battery.  In  addition,  the  MicroVent 
is  compact  and  lightweight  and  offers 
monitors  and  alarms.  To  contact  Driiger 
for  more  information,  circle  Reader  Ser- 
vice Number  166. 


Nasal  Mask.  Respironics  Inc  discloses 
the  GEU"  Mask  for  use  in  the  ti'eatment 
of  adult  obstructive  sleep  apnea.  The 
nasal  mask  features  a  unique,  soft  gel- 
like material  cushion  that  allows  tlie  mask 
to  seal  with  less  headgear  tension,  the 
company  says.  Designed  to  closely  match 
the  contours  of  the  face,  the  cushion  helps 
create  a  seal  around  the  cheeks  and  nose. 
In  addition,  the  GEL  Mask  works  with 


most  continuous  positive  ainvay  pressure 
and  bi-level  positive  airway  pressure  sys- 
tems and  is  available  in  7  sizes  to  fit  a 
vaiiety  of  patients.  Infomiation  is  avail- 
able from  Respironics;  circle  Reader  Ser- 
vice Number  167. 


Data  Management  System.  Dia- 

metrics  Medical  Incorporated  releases 
the  IRMA®  Data  Management  System 
( IDMS ).  Tlie  softwiue  program  provides 
data  management  for  point-of-cme  test- 
ing technologies.  Although  initially  de- 
veloped for  the  IRMA  Blood  Analysis 
System,  the  IDMS  version  3.0  features 
a  wider  range  of  compatibility,  works 
well  with  other  programs,  and  is  network 
compatible,  according  to  the  company. 
The  system  stores,  organizes,  and  cen- 
tralizes data  for  analysis  in  database 
functions  and  facilitates  rapid  transfer 
of  blood  tests  and  quality  control  results 
from  the  point  of  care  to  the  larger  hos- 
pital information  system.  Circle  Read- 
er Service  Number  168  for  more  facts. 


tem  is  available;  circle  Reader  Service 
Number  169. 


Hazardous  Material  Disposal. 

PCI  Medical  Inc  releases  the  Glutaral- 
dehyde  User  Station.  The  system  is  de- 
signed to  reduce  the  risks  associated  with 
carrying  trays  of  used  glutai'aldehyde  luid 
exposures  to  fumes,  claims  the  company. 
The  system  uses  a  suction  tube  to  pump 
the  used  chemical  out  of  the  bowl  and 
out  through  the  discharge  tube  to  a  sink 
or  hopper.  Technical  data  about  the  sys- 


COLD  Weather  Mask.  The  Alaskan 
BreathWamier  cold  weather  mask  is  re- 
leased by  Weber  &  Sons  Inc.  The  mask 
is  made  to  conserve  body  heat  for  peo- 
ple who  participate  in  cold  weather  ac- 
tivities or  working  conditions  or  for 
those  with  cardiac  or  respiratory  prob- 
lems, the  company  says.  Furthermore, 
the  mask  helps  prevent  the  loss  of  body 
heat  by  warming  and  humidifying  each 
inhaled  breath  by  retrieving  most  of  the 
heat  and  moisture  from  the  preceding 
exhaled  breath.  Breath-activated  valves 
help  prevent  fogged  glasses  and  the  for- 
mation of  ice  on  the  outside  of  the  mask. 
A  removable  metallic  heat  exchange 
pack  can  be  cleaned,  and  the  mask  is 
made  of  sturdy  plastic  with  a  soft,  flex- 
ible rubber  gasket  for  a  more  com- 
fortable fit  and  seal  around  the  nose  and 
mouth.  Adjustable  elastic  straps  hold  the 
mask  firmly  on  the  user's  head.  Circle 
Reader  Service  Number  1 70  for  details 
from  the  company. 


Spacer.  The  E-Z  Spacer*  is  current- 
ly available  from  WE  Pharmaceuticals 
Inc.  The  spacer  is  a  portable  drug  de- 
livery system  designed  for  use  with  me- 
tered dose  inhalers.  WE  literature  reports 
that  the  spacer  is  a  7(X)-mL  dnig  delivery 
system  that  targets  medication  to  the 
lungs  and  reduces  upper  airway  depo- 
sition. The  clear  reservoir  bag  is  easy 
to  clean  and  allows  the  patient  to  see  its 
aerosol  content.  The  entire  unit  is  col- 
lapsible for  easy  can7ing.  Circle  Read- 
er Service  Number  1 7 1  for  details  about 
the  spacer. 
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General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to 
respiratory  care  and  prepared  according  to  these  Instructions. 
Manuscripts  are  blinded  and  reviewed  by  professionals  who  are 
experts  in  their  fields,  .^^uthors  are  responsible  for  all  aspects  of 
the  manuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journal's  style.  Published  papers 
are  copyrighted  by  Daedalus  hic  and  may  not  be  published  else- 
where without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication 
categories.  These  Instructions  and  related  materials  are  available. 
Write  to  Respiratory  Care,  11030  Abies  Lane.  Dallas  TX 
75229-4593.  call  (972)  243-2272.  or  fax  (972)  484-6010. 


Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page.  Abstract,  Introduction,  Methods,  Results, 
Discussion.  Conclusions.  Product  Sources.  Acknowledgments. 
References,  Tables.  Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page.  Abstract.  Introduction.  Descrip- 
tion of  De\  ice/Method/Technique.  E\aluation  Methods. 
E\aluation  Results.  Discussion.  Conclusions.  Product  Sources. 
Acknowledgments.  References.  Tables.  Appendices.  Figures, 
and  Figure  Captions. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or 
was  managed  in  a  new  way.  or  is  exceptionally  instructive.  All 
authors  must  be  associated  with  the  ca.se.  A  case-managing 
physician  must  either  be  an  author  or  furnish  a  letter  approving 
the  manuscript.  Its  components  are  Title  Page.  .Abstract.  Intro- 
duction. Case  Summary.  Discussion.  References.  Tables. 
Figures,  and  Figure  Captions. 

Review  .\rticle:  .A  comprehensive,  critical  review  of  the  litera- 
ture and  state-of-the-art  sunnnary  of  a  pertinent  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page.  Outline.  Introduction.  Review  of  the  Literature.  Summary. 
Acknowledgments.  References.  Tables.  .Appendices,  and  Figures 
and  Captions  may  be  included. 

Overview:  .A  critical  review  of  a  pertinent  topic  that  has  fewer 
than  40  published  research  articles. 

Update:  .\  report  of  subsequent  de\  elopments  in  a  topic  that  has 
been  crilicallv  reviewed  in  this  Journal  or  elsewhere. 


Point-of-Vieu'  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  peilinent  topic.  Title  Page.  Text.  References. 
Tables,  and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  .Article.  Consult 
with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
ma>  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
may  be  included.  Mark  "For  publication." 

Blood  Gas  Corner:  A  brief.  instructi\e  case  report  in\olving 
blood-gas  values — with  Questions,  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacoki- 
netics, and  pharmacotherapy. 

Graphics  Corner:  A  brief  case  report  incorporating  wave- 
forms for  monitoring  or  diagnosis — with  Questions.  Answers, 
and  Discussion. 

Kittredge's  Corner:  .A  brief  description  of  the  operation  of  res- 
pirator.- care  equipment — with  information  from  manufacturers 
and  editorial  comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  invoh  ing  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating 
the  interaction  between  the  cardiovascular  and  respiratory  sys- 
tems. It  should  be  a  patient-care  scenario;  however,  the  case — the 
central  theme — is  the  systems  interaction.  CRI  is  characterized 
by  figures,  equations,  and  a  glossary.  See  the  March  1996  issue 
of  Respir.atory  Care  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  unolv- 
ing  pulmonary  medicine  radiography  and  including  one  or  more 
radiographs,  may  involve  imaging  techniques  other  than  conven- 
tional chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  .A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper.  8.5  in.  x  11  in.  (216  x  279 
mm)  with  margins  of  at  least  I  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spaciitg  throughout  the  entire  manuscript.  Use 
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a  standard  font  (eg.  Times.  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  tise  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  comers.  Indent  paragraphs  5 
spaces.  Do  not  justify.  Do  not  put  authors'  names  or  other  iden- 
tification anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page,  Abstract,  Text,  Product-Sources  List. 
Acknowledgments,  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction,  Methods,  Results. 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients,  Equipment, 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Journal's  style  for  references.  Abbreviate  journal  names  as  in 
Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

1.  Rau  JL.  Harvvood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  lube:  a  bench  study.  Respir  Care 
1992;37(11):1233-124(). 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1: 

2.  Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  199  l;15(Mar):61, 62.64. 

Corporate  author  journal  article: 

3.  .American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospi- 
tals. Respir  Care  1 988;33(  1 1 ):  1044- 1 046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
19X6:89(3.  SuppI):  1 39S- 1 43S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those 
more  than  3  years  old  should  not  be  cited.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract;.  Respir  Care  1990:35(11): 
1087-1088. 

Editorial  in  journal: 

6.  Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev 
Respir  Dis  I993:148(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  1992:340(8833):I44()-I44I. 


Letter  in  journal: 

8.  Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  199l;99(4):1051. 

Paper  accepted  but  not  yet  published: 

9.  Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futura,  1990:76-85. 

Corporate  author  book: 

11.  American  Medical  Association  Department  of  Drugs.  AM  A  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group.  1977. 

Chapter  in  book  with  editor(s): 

12.  Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA.  Welch  MH. 
editors.  Pulmonaiy  medicine.  Philadelphia:  JB  Lippincott,  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  Use  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  consecutively  as  Fig.  1,  Fig.  2,  and 
so  forth  according  to  the  order  by  which  they  are  mentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder's  written  permission 
to  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  request.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures:  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any 
commercial  product  (including  model  number  if  applicable)  the 
first  time  it  is  mentioned,  giving  the  manufacturer's  name,  city, 
and  state  or  country.  If  four  or  more  products  are  mentioned,  do 
not  list  any  manufacturers  in  the  text;  instead,  list  them  on  a 
Product  Sources  page  at  the  end  of  the  text,  before  the  Refer- 
ences. Provide  model  numbers  when  available  and  manufactur- 
er's suggested  price,  if  the  study  has  cost  implications. 
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Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  committee  on  human  experimenta- 
tion. State  that  informed  consent  was  obtained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  te.\t  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  the 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  and 
use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  detennined  level  of  significance  in  the 
Methods  section.  Report  actual  p-values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests. 
Identify  any  general-use  or  commercial  computer  programs  used, 
naming  manufacturers  and  their  locations.  These  should  be  listed 
on  the  product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated; 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  SI  (Systeme 
Internationale)  units.  Show  gas  pressures  (including  blood  gas 
tensions)  in  torr.  List  SI  equivalent  values,  when  possible,  in 
brackets  following  non-SI  values — for  example,  "PEEP,  10  cm 
H:0  [0.981  kPa]."  For  conversion  to  SI,  see  RE.SP1RAT0RY  Care 
1988;3.1(10):861-87.^(Oct  1988)  and  1989;34(2):145  (Feb  1989). 

Conflict  of  Interest.  Authors  are  asked  to  disclose  any  liaison  or 
financial  arrangement  they  have  with  a  manufacturer  or  distribu- 
tor whose  product  is  part  of  the  submitted  inanuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  (Such 
arrangements  do  not  disqualify  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  statement  to  this  effect  is 
included  on  the  cover-letter  page. 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and 
symbols.  Avoid  creating  new  abbreviations.  Avoid  all  abbrevia- 
tions in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  times  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg.  10  L/min.  15  torr.  2.3  kPa). 


Computer  Diskettes.  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  3.5 
in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  5.0  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  format)  to  our  format.  Label  each  diskette  with  date; 
author's  name;  name  of  word-processing  program  and  version 
used  to  prepare  documents;  and  filename(s).  Do  not  write  on  a 
diskette  except  with  a  felt-lipped  pen.  Tables  and  figures  must 
be  in  their  own  separate  files,  with  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publication.  Work  that  has  been  pub- 
lished or  accepted  elsewhere  should  not  be  subinitted.  In  spe- 
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Introducing  the  Pedi-Cap^" 
Pediatric  Eud-Tidal  CO2  Detector. 

The  technology  of  Easy  Cap*  now 
available  in  a  size  suitable  for  NICU, 
PICU,  and  pediatric  EMS  patients.' 

Proven  colorimetric  technology  for  objective 
verification  of  correct  endotracheal  tube  placement. 

A  nontoxic  chemical 
I'S-^*'    1       indicator  quickly 

responds  to  exhaled 
COi  with  a  simple 
color  change  from 
purple  to  yellow. 


ACTUAL    SIZE 


INSPIRATION  EXPIR.ATION 

Easy  Clip  (putiirctl)  iitul  Pfdi-Cup 
attach  to  the  enttatrtulu-al  tube  to 
detect  [TCO2  level',  with  hreath-to- 
breath  response. 


As  an  adjunct  to  current  practices,  Pedi-Cap 
provides  a  simple,  cost-effective  approach  to 
documenting  ET  tube  position  during  emergency 
intubations  and  in  the  NICU  and  PICU.  So 
with  Pedi-Cap  and  £<i,sv  Cap,  you  can  now 
standardize  patient  protocols  regardless  of  patient  size. 

Isn't  it  time  you  started  using  Pedi-Cap? 

For  more  information  on  Pedi-Cap  and  our  complete 
family  of  etCO,  detection  and  monitoring  products, 
contact  your  Nellcor  Puritan  Bennett  representative 
or  call  1-80()-NELLCOR  or  510-46.V4()()(). 

NELLCOR 
PURITAN 
BENNETT. 


'Pcili-Cap  is  recommended  for  use  on  patients  weighing  1-15  kg.  Easy  Cup  and  Pitli-Ctip  are  trademarks  of  Nellcor  Puritan  Bennett  Inc.  ©  1995  Nellcor  I'uritan  Bennett  Inc 
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VOLDYNE 


Volumetric  Incentive  Deep-BreatFiing  Exerciser 

The  accuracy  of  Voldyne,  in  a  new  size,  matched  to  geriatric 
patients  and  patients  with  smaller  lung  capacities. 


® 


VolQlyne2500 


■  A  smaller,  lighter  flow  cup  reduces  the  work  of  breathing,  thus 
improving  patient  performance  and  progress. 

■  Every  unit  is  individually  tested  and  calibrated  for  performance. 

reliability  and  superior  accuracy  of  inhaled  lung  volume 

■  Volume  incentive  spirometry  improves  assessment  of  patient 

progress  by  eliminating  the  guesswork  associated  with  spirometers 
that  only  measure  flow. 

■  Graduations  printed  on  both  sides  of  the  unit  allow  the  therapist  to 
conveniently  observe  volumes  while  instructing  and  encouraging 
the  patient. 

For  further  intormalion.  contacl  your  Sherwood  OR.  i  Critical  Care 

Representative  or  call:  ann  f^r-  •^.j-^'* 

1-800-325-7472    (outside  Missouri) 

1-800-392-7318     in  Missouri) 


d^J'^i  Sherwood  Medical  i^ompany 


A  Sheriuood 

^% MEDICBL 


^EDICRL- 

ST  LOUIS  MO  63103  USA 
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